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(57) ABSTRACT 

An ink jet recording material having excellent smoothness 
and gloss and capable of recording thereon ink images 
having high color density clarity, Water resistance and sharp 
ness comparative to the silver salt photographic images has 
a recording stratum formed on a substrate and comprising a 
single ink receiving layer or a plurality of ink receiving 
layers superposed on each other and containing a pigment 
and a binder, at least one ink receiving layer containing ?ne 
particles of at least one pigment selected from silica, 
aluminosilicate, and ot-, 0-, 6- and y-aluminas and having an 
average particle siZe of 1 pm or less and optionally a light 
resistance-enhancing agent for images including at least one 
of phenolic compounds, boric acid, borate salts and cyclo 
deXtrin compounds. 

40 Claims, 2 Drawing Sheets 
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INK JET RECORDING MATERIAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an ink jet recording 
material capable of recording ink images having a high color 
density, a high clarity, a high Water-resistance, a high resis 
tance to blotting of ink images due to a high humidity and 
optionally a high resistance to fading, and having a high 
surface smoothness and a high gloss. The ink jet recording 
material of the present invention enables sharp ink images, 
comparable to those of silver-salt photographic images, to be 
recorded thereon. 

2. Description of the Related Art 
The ink jet recording system is a system for recording ink 

images by jetting ink droplets, corresponding to images to be 
recorded, toWard a recording medium to cause the jetted ink 
droplets to be directly absorbed, imageWise, into the record 
ing medium. 
An ink jet printer can easily effect multi-color recording 

on the recording medium and thus is noW rapidly becoming 
popular, for home use and for of?ce use, as a text- or 
picture-outputting machine for computers. 

The multi-color recording system using the ink jet record 
ing system can rapidly and accurately form complicated 
images and the quality (color density and clarity) of the 
recorded colored images is comparable to the quality of 
color images formed by a conventional printing system 
using a printing plate or by conventional color photography. 
In the case Where the ink jet recording system is utiliZed for 
a small number of prints, the ink jet recording system is 
advantageous in that the cost for recording is loWer than the 
printing cost of a conventional printing system or a conven 
tional photographic printing system. The progress in the 
accuracy and color quality of the printer and an increase in 
the printing speed of the printer require the printing media 
to have an enhanced performance. High gloss is required and 
also, since the ink for the ink jet recording system contains 
a large amount of Water or another liquid medium, particu 
larly a liquid medium having a high boiling temperature to 
prevent a blocking of the ink jet noZZle heads and, after 
printing, the coloring material such as a dye exists together 
With the liquid medium for a long period in the recording 
layer, the conventional recording material is disadvanta 
geous in that the ink images are blotted With the lapse of time 
and the stabiliZation of the color tone of the printed ink 
images is dif?cult. 

To enhance the resistance of ink images printed on an 
image recording stratum to moisture, a plurality of attempts 
have been made. For example, in one attempt, a uniform 
aqueous solution or an emulsion latex of a cationic polymer 
is added to the ink or, in another attempt, ?ne solid particles 
having a cationic surface charge (for example, alumina 
particles or cation-modi?ed silica particles are added to the 
ink. 

For example, Japanese Unexamined Patent Publication 
No. 60-46,288 discloses an ink jet recording method using 
a recording material comprising an ink containing a speci?c 
dye and a polyamine, etc. Also, Japanese Unexamined 
Patent Publication No. 63-162,275 discloses an ink jet 
recording material comprising a cationic polymer and a 
cationic surfactant coated on or impregnated in a support. 
Further, use of ?ne inorganic cationic particles, for example, 
alumina or cation-modi?ed silica particles is knoWn, for 
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2 
example, from Japanese Examined Patent Publication No. 
4-19,037 and Japanese Unexamined Patent Publication No. 
11-198,520. The attempts mentioned above relatively 
greatly contributed to enhancing the Water resistance of the 
printed ink images. HoWever, the enhancing effect on the 
resistance to blotting of the ink images due to moisture is 
insufficient and, particularly, substantially no effect Was 
found on stabiliZation of the color tone of the printed ink 
images Within a short time. 

To solve the above-mentioned problems, Japanese Unex 
amined Patent Publication No. 10-157,277 discloses an 
attempt in Which a tWo-layered image recording stratum is 
formed on an opaque support, the opaqueness of an under 
layer is made higher than the opaqueness of the upper layer, 
and a White-coloring pigment is contained in the under layer. 
In this attempt, since the upper layer is formed transparent 
and the under layers is formed opaque, the portion of the dye 
of the ink absorbed in the under layer Which dye may blot 
in the under layer, is hidden from sight in the opaque layer 
and thus cannot be recogniZed through the upper layer. In 
this attempt, a certain degree of effect is recogniZed, but the 
problems are not completely solved. Particularly, the dye 
absorbed and blotted in the under layer further spread into 
the upper layer With the lapse of time and as a ?nal result, 
an ink image-blotting phenomenon appears. Also, by this 
attempt alone, it is dif?cult to stabiliZe the color tone of the 
printed ink images Within a short time. Particularly, for a 
speci?c use in Which the stabiliZation of the color tone 
Within a short time is required, for example, the use of 
checking the color tone of ink images formed by an ink jet 
recording system for the purpose of proofreading of colored 
images of prints, the above-mentioned recording stratum is 
unsatisfactory. 

Currently, since digital cameras have become popular and 
ink jet printers using a photo-ink, capable of recording 
images having a high accuracy and having a loW price are 
available, a demand of recording material capable of record 
ing thereon ink images having a high quality comparable to 
that of silver-salt photographic images is increased. Since 
the printers can record full-colored ink images at high speed 
With a high quality and accuracy, the recording material for 
the printers are also required to provide With further 
enhanced properties. Particularly, to use the ink jet recording 
system in place of the silver-salt photographic printing 
system, the ink jet recording materials are strongly required 
to have a high ink-absorbing rate, a high ink absorption 
capacity, a high roundness of dots, a high density of colored 
images, and high surface gloss and a smoothness compa 
rable to those of silver salt photographic printing sheets. 

To realiZe the high clarity and color density of the ink 
images comparable to the silver-salt photographic image, 
the inventors of the present invention provided, in Japanese 
Unexamined Patent Publication No. 9-286,165, an ink jet 
recording material having at least one ink receiving layer 
comprising ?ne silica particles having an average primary 
particle siZe of 3 to 40 nm and an average secondary particle 
siZe of 10 to 300 nm, and Water-soluble resin. The ?ne silica 
particles contribute to enhancing the color-forming property 
of the ink and the clarity and brightness of the printed 
images. 

Also, the use of the ?ne silica particles enables the printed 
images to exhibit a high color density and a high quality 
(clarity). HoWever, since the silica particles exhibit an 
anionic property, the resultant images formed from a cat 
ionic dye ink exhibit an unsatisfactory Water resistance. 
Also, a cationiZation treatment of silica particles is dif?cult. 
Further, the silica particle-containing recording stratum is 
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disadvantageous in that the resultant smoothness and gloss 
thereof, Without a gloss-providing treatment, are insuf?cient. 

In another invention disclosed in Japanese Unexamined 
Patent Publication No. 10-193,776, an ink jet recording 
material having an ink-receiving and recording layer com 
prising ?ne silica particles having an average primary par 
ticle siZe of 20 pm or less and a hydrophilic binder, is 
provided. Particularly, in this recording material, When 
fumed silica particles are used as the ?ne silica particles, a 
high gloss of the recording stratum can be obtained, and the 
ink exhibits a good color-forming property. HoWever, the 
resultant gloss of the recording material is loWer than that of 
the silver-salt photographic material. Also, the fumed silica 
particles are dif?cult to cationaliZation process. Further, the 
fumed silica particles are disadvantageous in that since the 
thixotropic property thereof is too high and thus the resultant 
coating liquid containing the fumed silica particles exhibits 
a poor stability in storage. 

Currently, various types of ink jet recording materials 
containing alumina hydrate particles are provided. For 
example, Japanese Unexamined Patent Publication No. 
8-324,098 discloses a process for producing an ink jet 
recording material in Which a coating liquid containing 
alumina hydrate particles dispersed by high speed aqueous 
streams is employed. When the alumina hydrate particles 
dispersed by the high speed aqueous streams are employed, 
a recording stratum having a high transparency can be 
formed, but this recording stratum is disadvantageous in that 
the dispersion of the alumina hydrate particles causes the 
ink-absorbing property of the recording stratum to be 
decreased. Also, the alumina hydrate particle-containing 
recording stratum is unsatisfactory in the color-forming 
property of the dye in the ink and thus clear and sharp 
images cannot be obtained. Aplurality of inventions relating 
to ink jet recording materials containing alumina hydrate 
particles having a boehmite structure are provided. The 
alumina hydrate particles having the boehmite structure 
exhibit a high laminating property and enable a recording 
stratum having a high gloss and a high smoothness to be 
obtained. Also, the resultant recording stratum exhibits a 
high transparency and the images printed on the recording 
stratum have a high color density. HoWever, this type of 
recording stratum has a loW ink absorption and thus is 
dif?cult to use practically. Also, the alumina hydrate 
particle-containing recording stratum has an insuf?cient 
color-forming property for the dye of the ink and thus clear 
and bright colored images are not obtained on the recording 
stratum. 

Generally speaking, as a method of imparting a high gloss 
to a recording material, a method of smoothing a surface of 
a coating layer of the recording material by feeling the 
recording material to a smoothing apparatus, for example, a 
calender, and passing the recording material betWeen a pair 
of pressing and heating rolls under pressure, is knoWn. When 
only the above-mentioned conventional procedure is 
applied, the resultant gloss of the recording material is 
insuf?cient. Also, since the press-heating procedure causes 
the ink-absorbing pores formed in the coating layer to be 
decreased, as a result, the smoothed coating layer easily 
alloWs the printed ink images to be blotted. Particularly, in 
the current ink jet printing system, to form ink images 
having a photographic image-like tone but no roughened 
surface-like tone, printers having photoink-jetting noZZles 
through Which loW concentration ink images are superposed 
on each other are mainly used. Thus, the recording material 
is required to have a further enhanced ink absorption. 

Various types of methods of forming an ink-receiving 
layer from an ink-absorbing polymeric material, for 
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4 
example, starch, gelatin, a Water-soluble cellulose 
derivative, polyvinyl alcohol or polyvinyl pyrrolidone on a 
plastic ?lm or a resin-coated paper sheet having a high gloss 
and a high smoothness, are knoWn. The recording materials 
produced by the above-mentioned methods have a suf? 
ciently high gloss. HoWever, this type of recording materials 
exhibit a loW ink absorption and a loW ink-drying rate and, 
thus, the handling property of the recording material is 
insufficient, the ink is unevenly absorbed in the recording 
material, and the Water-resistance and the resistance to 
curling of the recording material are insuf?cient. 
As means for solving the above-mentioned problems, 

Japanese Unexamined Patent Publications No. 2-274,587, 
No. 8-67,064, No. 8-118,790, No. 9-286,162 and No. 
10-217,601 disclose a coating layer containing, as a main 
component, super ?ne pigment particles. Among them, 
coating layers containing colloidal silica particles having a 
small particle siZe (disclosed in Japanese Unexamined 
Patent Publications No. 2-274,857, No. 8-67,064, and No. 
8-118,790 have a high gloss and high Water resistance. 
HoWever, since the colloidal silica particles are primary 
particles independent from each other and thus ?ne pores for 
absorbing the ink cannot be formed betWeen the particles, 
and the ink-absorbing properties of the coating layers are 
unsatisfactory for practical use. 

Also, Japanese Unexamined Patent Publication No. 2-43, 
083 discloses a recording material having a surface layer 
comprising, as a main component, an aluminum oxide and 
an under layer having an ink absorbing property, as a 
recording material having a high resistance to fading of the 
recorded images, because the dye for the images is electri 
cally bonded With the aluminum oxide particles and thus 
exhibits a high resistance to decomposition. 
As mentioned above, the ink jet recording system in 

Which an aqueous ink is jetted imageWise in the form of ?ne 
droplets through ?ne noZZles toWard a recording material 
and ink images are formed on the surface of the recording 
material is advantageous in that the printing noise is loW, full 
colored images can be easily formed, a high speed recording 
can be effected, and the recording cost is cheaper than that 
of other conventional recording systems. Thus, the ink jet 
recording system is Widely employed as an output terminal 
printer, as a printer for facsimile machines plotters and as a 
printing system for notebooks, slips and tickets. 
Due to the fact that the use of the printers is rapidly 

expanding, the accuracy and minuteness of the printed 
images have improved, the printing speed has increased and 
that digital cameras have been developed, the recording 
materials are required to have improved properties. Namely, 
a recording materials having a high ink-absorbing property, 
a high color density of recorded images, a high Water 
resistance, a high light resistance, and a quality (clarity) and 
durability of the recorded images comparative to those of the 
silver-salt type photographic sheets, are in strong demand. 
Further, to obtain a photographic tone image, the recording 
material surface must have a high gloss. 

As a recording sheet having a high surface gloss, a 
cast-coated paper sheet produced by contacting a Wetted 
coating layer of the recording sheet With a mirror-?nished 
peripheral surface of a heating drum under pressure, and 
drying the coating layer to transfer the mirror-like surface to 
the coating layer surface, is knoWn. The cast-coated paper 
sheet has a higher surface gloss, a more superior surface 
smoothness, and a more excellent printing effect than those 
of the conventional super calender-?nished coating sheet, 
and thus is mainly used for high quality prints. HoWever, 
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When the cast-coated paper sheet is used as an ink jet 
recording material, various problems occur. 

Namely, the conventional cast-coated paper sheet gener 
ally exhibits a high gloss When the mirror-?nished surface of 
the cast-coater drum is copied by the ?lm-forming material, 
for example, a binder, contained in a pigment-containing 
composition from Which the coating layer is formed. 
HoWever, the ?lm-forming material contained in the coating 
layer causes the porosity of the coating layer to be decreased 
or lost, and the ink-absorption of the coating layer When an 
ink jet recording procedure is applied thereof is signi?cantly 
reduced. To improve the ink-absorption of the coating layer, 
it is important that a porous structure is formed in the 
cast-coating layer to cause the resultant coating layer to 
exhibit an enhanced ink-absorbing property. For this effect, 
it is necessary to decrease the ?lm-forming property of the 
recording stratum. HoWever, the decrease in the content of 
the ?lm-forming material in the recording stratum creates a 
such a problem that the White sheet gloss of the resultant 
recording stratum decreases. As mentioned above, it Was 
very difficult to simultaneously keep both the surface gloss 
and the ink jet recording property of the cast-coating layer 
at satisfactory levels. 
As means for solving the above-mentioned problem, 

Japanese Unexamined Patent Publication No. 7-89,220 dis 
closes that a cast-coated paper sheet having both excellent 
gloss and ink-absorbing property and thus useful for ink jet 
recording system can be produced by the steps of coating a 
coating liquid comprising, as a principal component, a 
composition of a copolymer having a gloss-transition tem 
perature of 40° C. or more on a paper sheet having a 
recording stratum comprising as principal components, a 
pigment and a binder, to form a coating layer for casting; and 
While the coating layer is kept in a Wetted condition, 
bringing the Wetted coating layer into contact With a heated 
casting surface of a casting drum under pressure, and then 
drying the coating layer to impart a high smoothness to the 
casting layer surface. Further, Japanese Unexamined Patent 
Publications No. 2-274,587 and No. 10-250,218 disclose a 
cast-coated recording stratum containing super-?ne inor 
ganic colloidal particles. 
As mentioned above, currently, due to the development of 

high speed ink jet recording system, high accuracy and 
quality of the ink jet recorded images and full color record 
ing system, on improvement in clarity, color density and 
storage durability of the recorded images is required of the 
ink jet recording material. For example, an ink jet recording 
material having a high recording quality and storage dura 
bility comparable to those of the silver-salt type photo 
graphic recording sheet is required. The above-mentioned 
prior art recording materials are insufficient to satisfy the 
above-mentioned requirements. Particularly, the conven 
tional ink jet recording sheets having excellent gloss and a 
superior ink jet recording aptitude are not alWays satisfac 
tory in resistance to fading of the printed ink images upon 
being exposed to sunlight or room light (for example, 
?uorescent lamp light). This problem has not yet been 
solved. 

Regarding this problem, many attempts have been made 
to enhance the light resistance of the printed images by 
applying a light resistance-enhancing material to the ink jet 
recording sheets. For example, Japanese Unexamined Patent 
Publication No. 57-87,988 discloses an ink jet recording 
sheet containing, as at least one component, an ultraviolet 
ray-absorber. Japanese Unexamined Patent Publication No. 
61-146,591 discloses an ink jet recording medium for 
recording colored images thereon With an aqueous ink 
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6 
containing a Water-soluble dye, characteriZed in that the 
recording medium contains a hindered amine compound. 
Japanese Unexamined Patent Publication No. 4-201,594 
discloses an ink jet recording material comprising a base 
material and an ink receiving layer formed on the base 
material and characteriZed in that the ink receiving layer 
contains super ?ne particulates of a transition metal com 
pound. The recording materials mentioned above exhibit a 
certain light resistance-enhancing effect. HoWever, they are 
insufficient in the ink-absorbing property and disadvanta 
geous in that, With respect to the light resistance, the color 
balance of the faded images is unsatisfactory. 

Japanese Unexamined Patent Publication No. 1-241,487 
discloses an aqueous ink recording material having a coating 
formed on a base sheet surface and comprising 100 parts by 
Weight of a resin binder comprising polyvinyl alcohol and a 
cationic, Water-soluble resin and 0.1 to 30 parts by Weight of 
a light-resistance-enhancing agent consisting of a compound 
having phenolic hydroxyl groups. This recording sheet is, 
hoWever, unsatisfactory in the light resistance-enhancing 
effect thereof. Also, Japanese Unexamined Patent Publica 
tion No. 8-132,727 discloses an ink receiving layer com 
prising a metal complex of polyvinyl alcohol With calcium 
chloride, and Japanese Unexamined Patent Publication No. 
9-290,556 discloses an ink jet recording sheet having a 
support and magnesium sulfate in a dry amount of 0.2 to 2.0 
g/m2 attached to the support. The recording sheets men 
tioned above exhibit a relatively good color balance of faded 
colored images, but the retention in color density of the 
images after fading is insufficient, and thus these recording 
sheets are not usable in practice. 

Japanese Unexamined Patent Publication No. 10-193,776 
discloses an ink jet recording material characterized by 
containing at least one member selected from image 
stabiliZing agents and ultraviolet ray absorbers, as a fade 
preventing agent. HoWever, it Was found that certain fade 
preventing agents degrade the ink-absorbing property of the 
recording material, and generally, the light resistance of the 
resultant recording materials is insufficient. 

Japanese Unexamined Patent Publications No. 11-20,306 
and No. 11-192,777 respectively disclose an ink jet record 
ing sheet having an ink receiving layer containing, as a 
cross-linking agent, boric acid or borax, for the purpose of 
enhancing the Water resistance of the ink receiving layer. 
This type of ink receiving layer is not satisfactory in both 
gloss and light resistance. Japanese Unexamined Patent 
Publication No. 2000-73,296 discloses a paper sheet having 
a porous layer containing borax and thus exhibiting a 
decreased change in form (curling form) due to change in the 
environmental conditions. HoWever, this type of the paper 
sheet is unsatisfactory in the gloss thereof. 

Japanese Unexamined Patent Publication No. 11-263,065 
discloses a mat-type ink jet recording sheet provided With an 
ink receiving layer comprising cyclodextrin, and thus has 
excellent reproducibility of dots, resolving poWer of images, 
color-reproducibility of images, color-forming property of 
ink and pigment ink-applicability. Also, Japanese Unexam 
ined Patent Publication No. 11-286,172 discloses a record 
ing sheet provided With an ink receiving layer containing 
cyclodextrin Which causes the light resistance of the 
recorded images to be enhanced. HoWever, the recording 
sheets mentioned above are unsatisfactory in the gloss 
thereof. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an ink jet 
recording material capable of recording thereon ink images 
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having excellent color density, clarity, Water-resistance and 
resistance to blotting, and a superior sharpness comparable 
to that of silver-salt photographic images, and having high 
surface smoothness and gloss. 

Another object of the present invention is to provide an 
ink jet recording material having a high gloss and eXcellent 
ink jet recording properties, such as color density and clarity 
of ink images, and capable of recording ink images having 
a high light-resistance. 

The above-mentioned objects can be attained by the ink 
jet recording material of the present invention Which com 
prises: 

a substrate and an image-recording stratum, located on at 
least one surface of the substrate, formed from at least 
one ink receiving layer and comprising a binder and a 
plurality of pigment particles dispersed in the binder, 

at least one ink receiving layer of the image-recording 
stratum comprising ?ne particles of at least one pig 
ment selected from the group consisting of silica, 
aluminosilicate and ot-, 6-, 6- and y-aluminas and 
having an average particle siZe of 1 pm or less. 

In the ink jet recording material of the present invention, 
preferably, at least one ink receiving layer of the image 
recording stratum comprises ?ne particles of at least one 
silica compound selected from the group comprising silica 
and aluminosilicate and ?ne particles of at least one alumina 
compound selected from the group consisting of ot-, 6-, 6 
and y-aluminas, and the ?ne particles of the silica compound 
and the ?ne particles of the alumina compound respectively 
have an average particle siZe of 1 pm or less. 

In the ink jet recording material of the present invention, 
the ?ne particles of the alumina compounds are preferably in 
the form of secondary particles having an average secondary 
particle siZe of 500 nm or less, and consisting of a plurality 
of primary particles agglomerated With each other. 

In the ink jet recording material of the present invention, 
the ?ne particles of the alumina compounds preferably have 
a BET speci?c area of 180 to 300 m2/g. 

In the ink jet recording material of the present invention, 
the ?ne particles of the alumina compounds preferably have 
a BET speci?c area of 50 to 300 m2/g and a pore volume of 
0.2 to 1.0 ml/g. 

In the ink jet recording material of the present invention, 
the ?ne particles of the alumina compounds are preferably 
selected from rod-shaped ?ne particles of 6- and y-aluminas 
having an average particle length of 300 nm or less. 

In the ink jet recording material of the present invention, 
the ?ne particles of the alumina compounds are preferably a 
product of hydrolysis of an aluminum alkoXide and have an 
A1203 content of 99.99% by Weight or more. 

In the ink jet recording material of the present invention, 
the ?ne particles of the alumina compounds are preferably 
?ne particles of fumed alumina. 

In the ink jet recording material of the present invention, 
the ?ne particles of at least one silica compound selected 
from the group consisting of silica and aluminosilicate 
contained in the ink image-recording layer are preferably 
formed from an aqueous slurry containing secondary par 
ticles having a average secondary particle siZe of 500 nm or 
less, each of the secondary particles consisting of an 
agglomerate of a plurality of primary particles having an 
average primary particle siZe of 3 to 40 nm With each other. 

In the ink jet recording material of the present invention, 
the ?ne particles of silica are preferably ?ne particles of 
fumed silica. 

In the ink jet recording material of the present invention, 
preferably, the ?ne silica compound particles and the ?ne 
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alumina compound particles are respectively products 
obtained by subjecting aqueous dispersions containing par 
ticles of materials for the silica compounds and the alumina 
compounds, to pulveriZation procedures using pulveriZation 
and dispersion means under pressure selected from homog 
eniZers under pressure, ultrasonic homogeniZers and high 
speed stream-impacting homogeniZers, to such an eXtent 
that the pulveriZation products have an average particle siZe 
of 1 pm or less. 

In the ink jet recording material of the present invention, 
the image-recording stratum preferably has at least one ink 
receiving inside layer formed on the substrate and an ink 
receiving outermost layer formed on the outer surface of the 
ink receiving inside layer. 

In the ink jet recording material of the present invention, 
the ink receiving inside layer of the image-recording stratum 
preferably contains ?ne particles of gel-method silica, and 
the ink receiving outermost layer preferably contains ?ne 
pigment particles of at least one member selected from the 
group consisting of the silica compounds and of the alumina 
compounds. 

In the ink jet recording material of the present invention, 
the ?ne pigment particles contained in the ink receiving 
outermost layer are preferably secondary particles having an 
average secondary particle siZe of 800 nm or less and each 
consisting of a plurality of primary particles having an 
average primary particle siZe of 3 to 50 nm and agglomer 
ated With each other to form secondary particles. 

In the ink jet recording material of the present invention, 
the ?ne pigment particles contained in the ink receiving 
outermost layer are preferably ?ne fumed silica particles. 

In the ink jet recording material of the present invention, 
the ink receiving outermost layer optionally further contains 
a cationic compound. 

In the ink jet recording material of the present invention, 
the ink receiving outermost layer is preferably one formed 
by coating a coating liquid prepared by subjecting a mixture 
of the ?ne pigment particles and the cationic compound to 
a mechanical mix-dispersing procedure, on a substrate sur 
face; and drying the coated coating liquid layer on the 
substrate surface. 

In the ink jet recording material of the present invention, 
the ?ne silica particles contained in the ink receiving inside 
layers are preferably porous particles each having a plurality 
of ?ne pores having an average pore siZe of 20 nm or less. 

In the ink jet recording material of the present invention, 
the substrate preferably eXhibits a non-absorbing property 
for aqueous liquids. 

In the ink jet recording material of the present invention, 
it is preferable that at least one ink receiving inside layer is 
formed from an aqueous coating liquid containing the ?ne 
pigment particles and a binder on the substrate; and the ink 
receiving outermost layer is formed from an aqueous coating 
liquid containing the ?ne pigment particles and binder on an 
outermost surface of the ink receiving inside layer, 

the ink receiving outermost layer being formed in such a 
manner that the aqueous coating liquid for the ink 
receiving outermost layer is coated on the aqueous 
coating liquid layer for the ink receiving inside layer 
adjacent to the ink receiving outermost layer, before the 
aqueous coating liquid layer is dried, and the both the 
aqueous coating liquid strata for the ink receiving 
outermost layer and the ink receiving inside layer are 
simultaneously dried, to thereby enhance the ink 
image-receiving property and the surface smoothness 
of the image-recording stratum. 

In the ink jet recording material of the present invention, 
the substrate is preferably formed from an air-impermeable 
material. 
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In the ink jet recording material of the present invention, 
the air-impermeable material for the substrate is preferably 
selected from laminate paper sheets comprising a support 
sheet consisting of a paper sheet and at least one air 
impermeable coating layer formed on at least one surface of 
the support sheet and comprising a polyole?n resin. 

In the ink jet recording material of the present invention, 
the ink receiving outermost layer optionally further com 
prises a cationic compound. 

In the ink jet recording material of the present invention, 
the ink receiving outermost layer preferably exhibits a 75° 
specular surface gloss of 30% or more. 

In the ink jet recording material of the present invention, 
the ink receiving inside layer and the ink receiving outer 
most layer are preferably formed in such a manner that the 
coating procedure of the coating liquid for the ink receiving 
inside layer onto the substrate and the coating procedure of 
the coating liquid for the ink receiving outermost layer onto 
the adjacent ink receiving inside layer are substantially 
simultaneously carried out through a plurality of coating 
liquid-feeding slits of a multi-strata-coating apparatus. 

In the ink jet recording material of the present invention, 
the simultaneous multi coating apparatus is preferably 
selected from multi coating slot die coaters, multi coating 
slide die coaters, and multi coating curtain die coaters. 

In the ink jet recording material of the present invention, 
the ink receiving inside layer and the ink receiving outer 
most layer are preferably formed by such a manner that the 
coating procedure of the coating liquid for the ink receiving 
inside layer onto the substrate and the coating procedure of 
the coating liquid for the ink receiving outermost layer onto 
the adjacent ink receiving inside layer are successively 
carried out through a plurality of coating liquid-feeding slits 
of a plurality of coating apparatuses located independently 
from each other. 

In the ink jet recording material of the present invention, 
the independent coating apparatuses are preferably selected 
from slot die coaters, slide die coaters and curtain die coaters 
each having a single coating liquid-feeding slit. 

In the ink jet recording material of the present invention, 
the at least one ink receiving layer of the image-recording 
stratum comprising the binder and the ?ne pigment particle 
of at least one pigment selected from the group consisting of 
silica, aluminosilicate and ot-, 0-, 6- and y-aluminas and 
having an average particle siZe of 1 pm or less, optionally 
further comprises a light resistance-enhancing agent for 
images comprising at least one member selected from the 
group consisting of phenolic compounds, boric acid, borate 
salts and cyclodextrin compounds. 

In the ink jet recording material of the present invention, 
it is preferable that the image-recording stratum comprises a 
plurality of ink receiving layers superposed on each other, 
that an ink receiving layer located outermost of the image 
recording stratum comprises the ?ne pigment particles and 
the binder, 

and that at least one ink receiving layer in the image 
recording layer contains an image light resistance 
enhancing agent comprising at least one member 
selected from the group consisting of phenolic 
compounds, boric acid, borate salts and cyclodextrin 
compounds. 

In the ink jet recording material of the present invention, 
the ?ne pigment particles contained in the ink receiving 
layer containing the image light resistance-enhancing agent 
are preferably in the form of secondary particles having an 
average secondary particle siZe of 1 pm or less and each 
consists of a plurality of primary particles having an average 
primary particle siZe of 3 to 40 nm agglomerated With each 
other. 
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10 
In the ink jet recording material of the present invention, 

the phenolic compounds are preferably selected from the 
group consisting of hydroquinone compounds, pyrocatechol 
compounds and phenolsulfonic acid compounds. 

In the ink jet recording material of the present invention, 
the cyclodextrin compounds are preferably selected from the 
group consisting of 

ot-cyclodextrins, 
[3-cyclodextrins, 
y-cyclodextrins, 
alkylated cyclodextrins, 
hydroxyalkylated cyclodextrins, and 
cation-modi?ed cyclodextrins. 
In the ink jet recording material of the present invention, 

the cyclodextrin compounds are preferably y-cyclodextrins. 
In the ink jet recording material of the present invention, 

the image light resistance-enhancing agent is preferably 
contained in the ink receiving layer by coating the ink 
receiving layer With a solution of the image light resistance 
enhancing agent and drying the coated solution. 

In the ink jet recording material of the present invention, 
the content of the image light resistance enhancing agent in 
the ink receiving layer is preferably 0.1 to 10 g/m2. 

In the ink jet recording material of the present invention, 
the ?ne pigment particles are preferably ?ne particles of at 
least one member selected from fumed silica, amorphous 
silica, aluminas and alumina hydrates. 

In the ink jet recording material of the present invention, 
the fumed silica particles are preferably in the form of 
secondary particles having an average secondary particle 
siZe of 300 nm or less and each consisting of a plurality of 
primary particles having a primary particle siZe of 3 to 50 
nm and agglomerated With each other. 

In the ink jet recording material of the present invention, 
the ink receiving layer comprising the ?ne pigment particles 
and the binder optionally further comprises a cationic com 
pound. 

In the ink jet recording material of the present invention, 
the binder preferably comprises at least one member 
selected from the group consisting of Water-soluble poly 
meric compounds, latices of copolymers of conjugated diene 
compounds, latices of vinyl copolymers, Water-dispersible 
acrylic resins, Water-dispersible polyester resins and Water 
dispersible polyurethane resins. 

In the ink jet recording material of the present invention, 
the binder preferably comprises at least one member 
selected from the group consisting of polyvinyl alcohol, 
partially saponi?cated polyvinyl alcohols, acetacetylated 
polyvinyl alcohols, silyl-modi?ed polyvinyl alcohols, 
cation-modi?ed polyvinyl alcohols, and anion-modi?ed 
polyvinyl alcohols. 

In the ink jet recording material of the present invention, 
the substrate is preferably formed from a ink-nonabsorbing 
material. 

In the ink jet recording material of the present invention, 
the surface of the image-recording stratum preferably has a 
75° specular gloss of 30% or more. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an explanatory cross-sectional vieW of an 
embodiment of multi-coating slot die coaters for producing 
the ink jet recording material of the present invention, 

FIG. 2 shoWs an explanatory cross-sectional vieW of an 
embodiment of multi-coating slide die coaters for producing 
the ink jet recording material of the present invention, and 

FIG. 3 shoWs an explanatory cross-sectional vieW of an 
embodiment of multi-coating curtain die coaters for produc 
ing the ink jet recording material of the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The ink jet recording material of the present invention can 
record thereon ink images having high color density, clarity, 
Water resistance, moisture resistance and resistance to blot 
ting of the ink and has a high surface smoothness and a 
satisfactory gloss. Particularly, the ink images recorded on 
the ink jet recording material of the present invention are 
comparable in sharpness and clarity to the silver-salt type 
photographic images. 

Generally, a recording stratum formed by coating a dis 
persion liquid containing pigment particles having an aver 
age particle siZe of 1 pm or more on a substrate has an 
unsatisfactory transparency and surface smoothness and 
thus it is difficult to produce a recording stratum capable of 
recording thereon ink images having a high color density, 
and having a high surface gloss, from the above-mentioned 
pigment dispersion liquid. HoWever, the problem can be 
solved by forming a recording stratum containing ?ne 
particles of a speci?c pigment comprising at least one 
member selected from silica, alumninosilicate and ot-, 6-, 6 
and y-aluminas on the substrate. Particularly, by using ?ne 
particles of at least one alumina compound selected from the 
group consisting of ot-, 6-, 6- and y-aluminas and having an 
average particle siZe of 1 pm or less, a recording stratum 
having a high gloss, a high smoothness and a high Water 
resistance of printed images can be formed. Also, by 
employing a ?ne particles of at least one silica compound 
selected from the group consisting of silica and 
alumninosilicate, a recording stratum capable of recording 
thereon colored images having a bright color tone and a high 
clarity can be obtained. Particularly, a utiliZation of ?ne 
particles of at least one alumina compound selected from the 
group consisting of ot-, 6-, 6- and y-aluminas and having an 
average particle siZe of 1 pm or less, enables the resultant 
recording stratum having a high gloss and a high smoothness 
and capable of recording ink images having a high Water 
resistant to be formed. Also, use of ?ne particles of at least 
one silica compound selected from the group consisting of 
silica and aluminosilicate enables a resultant recording stra 
tum capable of enhancing the color-forming property of the 
ink and of recording ink images having a high sharpness and 
brightness to be formed. Therefore, in the recording stratum 
of the ink jet recording material of the present invention, at 
least one ink receiving layer contains both ?ne particles of 
at least one silica compound selected from silica and alumni 
nosilicate and ?ne particles of at least one alumnia com 
pound selected from ot-, 6-, 6- and y-aluminas, the silica 
compound ?ne particles and the alumina compound ?ne 
particles respectively have an average particle siZe of 1 pm 
or less. 

With respect to the alumnina compound, it is knoWn from, 
for example, Electrochemistry, vol. 28, page 302, FUNAKI 
AND SHIMIZU, “Alumina Hydrate and Alumnina”, the 
section of “Examples of thermal changes of alumina 
hydrates”, that When aluminum hydroxide; for example, 
gibbsite, Bayerite or boehmite is heated, the crystal form of 
the alumina compound is changed in the manner of 
XQKQOL, YQ6—>6Q0L, nQ6Qot, pQnQ6Qot or 
yQ6—>ot, through various intermediate forms and ?nally to 
ot-alumina form; While increasing the particle siZe thereof. 
Also, When an aluminum salt, for example, aluminum 
chloride, aluminum sulfate, or aluminum nitrate is thermally 
decomposed, the amorphous alumina can be changed to 
ot-alumina through intermediate y-, 6- or 6-alumina. This 
change (transition) is disclosed, for example, in “MINER 
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ALOGY JOURNAL” vol. 19, No. 1, pages 21 and 41. The 
alumina compound contained in the ink jet recording mate 
rial of the present invention is selected from ot-, 6-, 6- and 
y-aluminas and has an average particle siZe of 1 pm or less. 
There is no limitation to the particle form of the ?ne 
alumnina compound particles. In vieW of the gloss and the 
smoothness of the resultant recording stratum, it is prefer 
able that the recording stratum is formed from an aqueous 
slurry of secondary particles of the alumnina compound 
having a particle siZe of 500 nm or less. Preferably, the ?ne 
particles of the alumnina compounds usable for the present 
invention has a BET speci?c area of 180 to 300 m2/g, more 
preferably 190 to 280 m2/g, still more preferably 190 to 
—250 m2/g. If the BET speci?c area of the alumina com 
pound ?ne particles is less than 180 m2/ g, the resultant color 
density of the ink images recorded on the recording stratum 
may be insuf?cient, and if the BET speci?c area is more than 
300 m2/g, the resultant recording stratum may exhibit an 
insufficient ink absorption. Also, in the alumina compound 
?ne particles, preferably, the BET speci?c area is in the 
range of from 50 to 300 m2/g, and the pore volume is in the 
range of from 0.2 to 1.0 ml/g, more preferably, the BET 
speci?c area is from 100 to 280 m2/g and the pore volume 
is from 0.3 to 0.9 ml/g, still more preferably the BET speci?c 
area is from 150 to 250 m2/g and the pore volume is from 
0.4 to 0.8 ml/g. In this case, When the BET speci?c area of 
the alumina compound ?ne particles is less than 50 m2/g, the 
color density of the recorded ink images on the resultant 
recording stratum may be extremely loW, and if the BET 
speci?c area is more than 300 m2/g, the resultant recording 
stratum may exhibit an insuf?cient ink absorption. Also, if 
the pore volume is less than 0.2 ml/g, the resultant recording 
stratum may exhibit an insufficient ink absorption, and if the 
pore volume is more than 1.0 ml/g, the resultant recording 
stratum may have an insuf?cient transparency, a signi? 
cantly loW color density of the recorded ink images, and a 
very unsatisfactory gloss. The ?ne particles of the alumina 
compounds usable for the present invention are more pref 
erably selected from rod-shaped ?ne particles of 6- and 
y-aluminas, and the average particle length of the rod-shaped 
particles is preferably 300 nm or less, more preferably 100 
nm or less. The above-mentioned secondary particles of the 
alumnina compounds exhibit a good dispersing property in 
an aqueous slurry thereof. Particularly, the use of ?ne 
alumnina compound particles produced by a hydrolysis of 
an aluminum alkoxide and having an Al2O3 content of 
99.99% or more, or ?ne fumed alumina particles, enables a 
recording stratum having a high gloss and a high smoothness 
to be realiZed. The fumed alumina is produced by hydro 
lyZing a starting material consisting of aluminum tetrachlo 
ride in the presence of Water generated by an oxygen 
hydrogen reaction. 
As long as the silica compound is in the form of ?ne 

particles having an average particle siZe of 1 pm, the silica 
compound ?ne particles can be used for the present inven 
tion Without limitation in the type and form of the particles. 
The silica particles are generally produced by the folloW 

ing methods. 
(1) Combustion method (for example, REOLOSIL 

(trademark) made by TOKUYAMA, AEROSIL 
(trademark) made by DEGUSSA, NIHON AEROSIL, 
CAB-O-SIL (trademark) made by CABOT), 

(2) Heating method (for example, FRANSIL (trademark) 
made by FRANSOL), and ARC SILICA (made by PPG 
IND.), 

(3) Aerogel method (for example, SANTOCEL 
(trademark) made by MONSANT), 
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(4) Flame spraying method (for example, EXCELICA 
(trademark) made by TOKUYAMA), 

(5) Precipitation method (for example, TOKUSIL 
(trademark) made by TOKUYMA, SOLEX 
(trademark) made by TOKUYAMA, HI-SIL 
(trademark) made by PPG IND., ULTRASIL 
(trademark) made by DEGUSSA, NIPSIL (trademark) 
made by NIHON SILICA KOGYO, CARPLEX 
(trademark) made by SHIONOGI SEIYAKU, FINESIL 
(trademark) made by TOKUYAMA, and MIZUKASIL 
(trademark) made by MIZUSAWA KAGAKU 
KOGYO), 

(6) Gel method (for example, SYLOID (trademark) made 
by GRACE, and SYLYCIA (trademark) made by FUJI 
SYLYCIA KAGAKU), 

(7) Sol method (for example, SNOWTEX (trademark), 
made by NISSAN KAGAKU), and 

(8) Sol.Gel method (for example, spherical silica, made 
by TOKUYAMA). 

The dry methods (fumed silica) include the methods (1) 

and (2), and the Wet methods include the methods (5) to They are different in the starting materials and the proce 

dures from each other, and in accordance With the methods, 
the resultant silicas are different in properties from each 
other. 

The silica of the combustion method is produced by a 
combustion of silicon tetrachloride With oxygen and hydro 
gen. The silicas of the Wet methods are produced by using 
silicon dioxide (SiOZ), mainly, silica sand, as a starting 
material. The amorphous silica of the gel method is 
produced, for example, by the procedures of producing a 
silicic acid sol by mixing sodium silicate produced from a 
starting material consisting of a high purity silica sand With 
sulfuric acid; alloWing the silicic acid to gradually 
polymeriZe, and to form primary particles, and the primary 
particles to three-dimensionally agglomerate With each other 
to form agglomerates, and ?nally to form a gel; and ?nely 
pulveriZing the silica gel to provide ?ne silica particles. 
Namely, in the gel method, the reaction and polymeriZation 
are effected under, and acidic condition; the resultant poly 
meriZation product is left to stand until the resultant product 
is converted to a gel in a sherbet-like state; and the gel is 
Washed With Water and dried to provide amorphous silica. In 
the gel method silica particles, the siZe of ?ne pores formed 
betWeen the primary particles is small, but in the precipita 
tion method silica particles, the ?ne pores siZe is large. The 
precipitation method amorphous silica is produced by car 
rying out the reaction and polymeriZation under an alkaline 
condition; alloWing the resultant product to precipitate, and 
drying the resultant precipitate particles. 

To obtain a recording stratum having a high gloss and a 
high color density of recorded ink images, an aqueous slurry 
of secondary particles of silica having an average secondary 
particle siZe of 500 nm or less and an average primary 
particle siZe of 3 to 40 nm is preferably employed and more 
preferably, an aqueous slurry of fumed silica particles is 
employed. By dispersing the silica secondary particles in 
Water to form an aqueous slurry, the agglomeration of the 
silica particles can be prevented and thus an increase in the 
siZe of the silica particles can be prevented. 

In the preparation of the above-mentioned pigment par 
ticle slurry, an aqueous medium is usually employed in 
consideration of the coating property of the resultant slurry. 
An organic solvent may be, hoWever, employed as a medium 
of the pigment particle slurry. Also, in the production of the 
fumed silica, the starting materials can be puri?ed to a high 
extent and contamination of the materials during the pro 
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14 
duction procedures can be prevented, and thus a high degree 
of purity of the silica particles can be obtained Whereby the 
transparency of the resultant recording stratum and the color 
density of the recorded images can be enhanced. 

In the ink jet recording material of the present invention, 
the ?ne particles of the silica compound and the ?ne 
particles of the alumina compound are contained altogether 
in the recording stratum. In the case Where the recording 
stratum consists of a plurality of ink receiving layers, the 
?ne silica compound particles and the ?ne alumnina com 
pound particles may be contained altogether in one or more 
the same ink receiving layers or in tWo or more ink receiving 
layers different from each other. Also, the recording stratum 
may comprise one or more ink receiving layers containing 
the ?ne silica particles and the ?ne alumina particles alto 
gether and one or more ink receiving layers each containing 
the ?ne silica particles or the ?ne alumina particles. 

In the case Where the recording stratum consists of a 
single ink recording layer containing both the ?ne silica 
particles and the ?ne alumina particles, there is no speci?c 
limitation to the mixing ratio of the silica compound to the 
alumina compound. Usually, the alumina compounds to the 
silica compound ratio is preferably in the range of from 95/5 
to 5/95, more preferably from 20/80 to 80/20. 

In the case Where the recording stratum consists of tWo or 
more ink receiving layers, the recording stratum may be 
constituted from one or more ink receiving layers containing 
the alumina compound alone and one or more ink receiving 
layers containing the silica compound alone. 
To disperse and pulveriZe the silica compound or the 

alumina compound, a homomixier, an ultrasonic 
homogeniZer, a pressuriZing homoZeniZer, a nanomiZer a 
high speed revolution mill, a roller mill, a container-driving 
medium mill, a medium agitation mill, a jet mill, or a sand 
grinder. To disperse or pulveriZe the silica or alumina 
compound With an enhanced ef?ciency, a pressuriZing type 
dispersing system is preferably employed. 

In the present invention, the pressuriZing type dispersing 
method is de?ned as a method in Which a slurry mixture of 
material particles is continuously passed through an ori?ce 
under pressure to pulveriZe the particles under the high 
pressure. The treatment pressure is preferably 19.6><106 to 
343.2><106 Pa (200—3500 hgf/cm2), more preferably from 
49.0><106 to 245.3><106 Pa (500 to 2500 hgf/cm2), still more 
preferably from 98.1><106 to 196.2><106 Pa (1000 to 2000 
hgf/cm2). The silica and alumina compounds can be dis 
persed and pulveriZed by the high pressure pulveriZation 
treatment With a high ef?ciency. Further, it is more prefer 
ably that tWo streams of the slurry mixture passed though the 
ori?ce under the high pressure are countercurrently collided 
against each other to further disperse and pulveriZe the silica 
and alumnina compound particles. In the countercurrent 
collision method, a slurry mixture of the silica or alumina 
particles is introduced to an inlet side under pressure, the 
introduced stream of the slurry mixture is divided into tWo 
streams of the slurry mixture passing through tWo passages, 
the passages are connected to ori?ces having a small inside 
diameter, to accelerate the How speed of the slurry mixture, 
and the tWo streams of the slurry mixture passed through the 
ori?ces are countercurrently collided against each other at 
the accelerated ?oW speed, to pulveriZe the particles of the 
silica or alumina compound collided against each other. 
The parts of the high pressure pulveriZation system in 

Which the slurry mixture streams are accelerated in How 
speed or collided against each other, are preferably formed 
from diamond to control the abrasion of the parts. The high 
pressure pulveriZation machine is preferably selected from 
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pressuriZing homogeniZers, ultrasonic homogeniZers, 
microfultiZers and nanomiZers, particularly, as a high speed 
stream-collosion type homogeniZer, a microfultiZer or nano 
miZer is more preferably employed. 

Generally, the ink for the ink jet printing contains an 
anionic dye. HoWever, since the silica compound is also 
anionic, the resultant ink images printed on the silica 
compound-containing ink receiving layer exhibit unsatisfac 
tory moisture resistance and Water resistance. To enhance 
the moisture resistance and the Water resistance of the 
anionic dye images, a cationic compound is contained in the 
recording stratum. The ?ne particles of the alumina com 
pound are cationic. Preferably, the recording stratum further 
contains, in addition to the alumina compound particles, a 
cationic compound. The cationic compound usable for the 
present invention is preferably selected from polyalkylene 
polyamines, for example, polyethyleneamine and 
polypropylenepolyamine, derivatives thereof; cationic 
resins, for example, acrylic resins having tertiary amino 
groups and/or quaternary ammonium salt groups, and 
dialkylamine polymers; and cationic inorganic salts of alu 
minum and calcium. There is no speci?c limitation to the 
molecular Weight of the cationic compounds. Preferably, the 
molecular Weight of the cationic compounds is 60,000 or 
more or 10,000 or less. If the molecular Weight of the 
cationic compound is more than 10,000 but less than 60,000, 
the resultant cationic compound molecules easily enter into 
the pores formed betWeen the ?ne silica particles, and thus 
the pores for receiving the ink are ?lled With the cationic 
compound, and the resultant recording stratum or ink receiv 
ing layer exhibits a poor ink-absorption. There is no speci?c 
upper limit to the molecular Weight of the cationic com 
pound. HoWever, in consideration of ease of handling, the 
molecular Weight in preferably not more than about 500,000. 
Where the cationic compound is contained together With 

the pigment particles in the recording stratum, the cationic 
compound is preferably employed in an amount of 1 to 30 
parts by Weight, more preferably 3 to 25 parts by Weight, per 
100 parts by Weight of the pigment. 

There is no limitation to the method of employing the 
cationic compound in the recording stratum. For example, 
the cationic compound is employed in a mixture With a 
pigment, or the cationic compound is absorbed in the 
pigment particles and the resultant pigment/cationic com 
pound complex is employed, or the cationic compound 
alone is contained in the recording stratum. When the silica 
compound Which is anionic, is mixed With a cationic 
compound, an agglomerate is formed. The agglomerate may 
be pulveriZed into particles having an average particle siZe 
of 1 pm or less, and the resultant particles may be employed 
for the ink jet recording material of the present invention. 

The average particle siZe and length of the alumina 
compound particles usable for the present invention are 
measured by the folloWing method. 

The particles of 6- and y-aluminas are in the crystal form 
of a rod or a needle, and thus, the siZe of the particles is 
indicated by the length of the particles. 

The average particle siZe of the silica compound particles 
and the alumina particles and the average length of the 
rod-formed alumina particles are measured in such a manner 
that the particles are dispersed in Water to provide an 
aqueous dispersion of the particles in a content of 5% by 
Weight, the particle dispersion is subjected to a dispersing 
treatment by a homomixer at a revolution rate of 50 rps 
(3000 rpm) for 5 minutes and, immediately after the dis 
persing procedure, the resultant dispersion is coated on a 
base plate and the resultant sample is subjected to an 
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electron-microscopic observation using a scanning or trans 
mission type electron microscope, to determine the particle 
siZe or length, in accordance With the procedures shoWn in 
“FINE PARTICLE HANDBOOK”, ASAKURA SHOTEN, 
page 52. The measurements are repeated for ten portions of 
the sample, to measure the particle siZes or lengths of 500 
particles in Which portion of the sample, and an average 
particle siZe or length is calculated from the resultant data. 
The average particle siZe is de?ned as an average value of 
the siZes measured at at-random portions of the particles, 
and the average length is de?ned as an average value of the 
measured largest lengths of the individual particles. 

In the ink jet recording material of the present invention, 
the recording stratum preferably comprises at least one ink 
receiving inside layer formed on the substrate and an ink 
receiving outermost layer laminated on the outer surface of 
the ink receiving inside layer. 

In this case, preferably, the ink receiving inside layer 
comprises ?ne silica particles produced by a gel method, and 
the ink receiving outermost layer comprises ?ne particles of 
at least one pigment selected from silica compound pig 
ments and alumina compound pigments. 
The ?ne pigment particles contained in the ink receiving 

outermost layer are preferably secondary particles consist 
ing of agglomerates each consisting of a plurality of primary 
particles having an average primary particle siZe of 3 to 40 
nm and having an average secondary particle siZe of 800 nm 
or less. 

The above-mentioned ?ne pigment particles contained in 
the ink receiving outermost layer are preferably fumed silica 
particles. 
When at least one layer of the ink receiving inside layers 

contains ?ne silica particles, particularly gel method silica 
particles, the resultant stratum can exhibit an enhanced 
moisture resistance and an improved resistance to blotting of 
the recorded ink images, and thus the color tone of the 
recorded ink images can be stabiliZed Within a short time. 
The reasons for the improvement in the resistance to blotting 
of the ink images are not fully clear. It is assumed, hoWever, 
that ?ne pores formed betWeen the primary particles of the 
gel method silica particle have a siZe small enough to 
prevent the movement of the dye contained in the ink and 
?xed in the ?ne pores. Also, reasons for the phenomenon 
that the color tone of the recorded ink images is stabiliZe 
Within a short time are assumed to be that the dye and the 
solvent in the ink are rapidly separated from each other in 
the gel method silica particles and the ?ne pores betWeen the 
primary particles of the silica particles have a high holding 
capacity for the separated solvent. There is no limitation to 
the siZe of the ?ne pores and, usually, the ?ne pore siZe is, 
for example, 20 nm or less and preferably 15 nm or less. 

In vieW of the gloss of the recording stratum and the color 
density of the recorded images, the average secondary 
particle siZe of the gel method silica particles is preferably 
1 pm or less, more preferably 800 nm or less, still more 
preferably 500 nm or less. The primary particles from Which 
the gel method silica secondary particles are constituted 
preferably have an average primary particle siZe of 3 to 50 
nm. 

To obtain a color density of the recorded ink images 
similar to that of the silver salt type photographic images, 
the pigment particles having a particle siZe of 1 pm or less 
and contained in the ink receiving outermost layer are 
preferably selected from ?ne particles of amorphous silica, 
aluminas including hydrated aluminas and aluminosilicate, 
having an average secondary particle siZe of 800 nm or less, 
more preferably 500 nm or less, still more preferably 300 nm 
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or less, further preferably 200 nm or less. There is no loWer 
limit to the average secondary particle siZe. Usually, the 
average secondary particle siZe is preferably 10 nm or more. 
The average primary particle siZe of the primary particles 
from Which the secondary particles of the above-mentioned 
pigments are constituted is preferably in the range of from 
3 to 40 nm. 

Particularly, When as the ?ne particles to be contained in 
the ink receiving outermost layer, fumed silica particles 
having a high degree of purity are employed, the fumed 
silica is preferably selected from combustion method silica 
and heating method silica, particularly, the combustion 
method silica is preferably employed to obtain an ink 
receiving outermost layer having a high gloss. 

The fumed silica particles are advantageous not only in 
that super ?ne particles can be obtained by applying a 
relatively loW mechanical poWer, but also in that the refrac 
tive index of the fumed silica is loW and the transparency 
thereof is high, and thus the resultant ink receiving outer 
most layer can exhibit a high gloss and a high color density 
of the recorded images. Also, the fumed silica exhibits 
highly thixatropic properties and thus, can form an agglom 
erate under a static condition under Which no external force 
is applied thereto. The average particle siZe of the fumed 
silica particles usable for the present invention is measured 
by a method such that an aqueous dispersion of 5% by 
Weight of fumed silica particles (When the silica is in the 
state of an aqueous slurry, the content of the silica in the 
slurry is adjusted to 5% by Weight by diluting the slurry With 
Water) is stirred and dispersed by a homomixer at a revo 
lution rate of 33.3 rps (2000 rpm) for 10 minutes, and then 
subjected to a pulveriZing treatment using a pressuriZing 
homogeniZer (model: GM-2, made by SMT under a 
pressure of 39.2 MPa (400 kgf/cm2), and the particle siZe of 
the resultant particles in the dispersed state is measured by 
a transmission type microscope. 

In the ink jet recording material of the present invention, 
to enhance the Water resistance of the recorded ink images, 
nonionic pigment particles or anionic pigment particles (for 
example, silica particles) may be cation-modi?ed With an 
alumina compound or a silane-coupling agent (for example, 
n-2-aminoethyl-3-aminopropyltriethoxysilane, etc.), and the 
cation-modi?ed pigment particles may be employed for the 
recording stratum. 

Also, the recording stratum may contain a cationic com 
pound. The cationic compound usable for the present inven 
tion include, for example, polyalkylenepolyamines, for 
example, polyethyleneamine and polypropylenepolyamine, 
and derivatives thereof; and cationic resins, for example, 
cationic acrylic resins having tertiary amino groups or 
quaternary ammonium salt groups and cationic diallylamine 
polymers. The cationic resins are preferably contained in an 
amount of 1 to 40 parts by Weight, more preferably 3 to 25 
parts by Weight, per 100 parts by Weight of the pigment, in 
the recording stratum. 

Generally, the silica particles have silanol groups distrib 
uted in the surface portions of the particles and thus are 
electrically negative and When mixed With a cationic 
compound, the silica particles are reacted With the cationic 
compound and agglomerated With each other. The resultant 
agglomerates having an average particle siZe more than 1 
pm can be fully dispersed by applying a Weak mechanical 
force thereto by using, for example, a homomixer. When the 
aqueous slurry of silica particles having an average particle 
siZe of 1 pm or less is used, a strong pulveriZing force is 
preferably applied thereto, to prepare a desirable coating 
liquid. 
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The strong mechanical pulveriZers include high revolu 

tion homomixers, ultrasonic homogeniZers, pressuriZing 
homogeniZers, UltimaiZer (trademark), NanomiZer 
(trademark), high revolution mills, roller mills, container 
driving medium mills, medium agitation mills, jet mills, 
sand grinders and Clearmix (trademark). To pulveriZe and 
disperse the silica agglomerates With a high ef?ciency, a 
pressuriZing pulveriZation is preferably employed. 

In the recording stratum of the present invention, an ink 
receiving layer free from the above-mentioned silica com 
pound ?ne particles and alumina compound ?ne particles 
may contain pigment particles other than the silica and 
alumina compound particles. The other type pigment may be 
selected from amorphous silica (including cation-modi?ed 
silica, for example, alumina-modi?ed silica), kaolin, clay, 
calcined clay, Zinc oxide, tin oxides, magnesium sulfate, 
aluminum hydroxide, alumina and alumina hydrates 
(including X-, K-, y-, 6-, 0-, 11-, p-, pseudo y- and ot 
crystalline aluminas, and boehmite-structured and 
pseudoboehmite-structured crystalline aluminas), calcium 
carbonate, satin White, aluminum silicate, smectite, Zeolite, 
magnesium silicate, magnesium carbonate, magnesium 
oxide, diatomaceous earth, polystyrene polymeric pigments, 
urea resin pigments and benZoguanamine resin pigments. In 
the present invention, the other type pigment is preferably 
selected from amorphous silica (including cation (for 
example, alumina)-modi?ed silica), alumninosilicate in 
Which silica is coated With alumina), aluminas, alumina 
hydrates (including X, K, y, 6, 0, 11, p, pseudo y- and 
ot-aluminas, and boehmite-structured and pseudoboehmite 
structured crystalline aluminas) and calcium carbonate, 
more preferably from the silica compounds and alumina 
compounds other than the speci?c silica and alumina com 
pounds for the present invention. 

In the ink jet recording material of the present invention, 
the substrate may be a liquid-absorbing substrate or a 
liquid-non-absorbing substrate, the liquid-absorbing sub 
strate is selected from, for example, Woodfree paper sheets 
(acid paper sheets, neutral paper sheets, art paper sheets, 
coated paper sheets, cast-coated paper sheets, kraft paper 
sheets, and impregnated paper sheets. To obtain a high 
smoothness, and silver salt type photographic sheet-like 
hand, (particularly Whiteness and touch) of the recording 
sheet, paper sheets having a high smoothness and a high 
density for the photographic sheets or RC sheets is prefer 
ably employed as a substrate for the present invention. 
The paper sheet usable for the liquid-absorbing substrate 

Will be explained in detail beloW. The paper sheet for the 
substrate is mainly formed from a Wood pulp and optionally 
a pigment. The Wood pulp include mechanical pulps, chemi 
cal pulps and re-used paper pulps. To control the mechanical 
strength and paper-forming property of the pulp, the degree 
of beating for the pulp is controlled by a pulping machine. 
The degree of beating is represented by a Canadian Standard 
freeness (CSF) in accordance With JIS P 8121. There is no 
limitation to the pulp freeness. Usually, a pulp having a 
Canadian Standard freeness of 250 to 550 ml is used for the 
substrate. 
The paper sheet for the substrate optionally contains a 

pigment to control the ink-absorbing property of the sub 
strate. For the pigment for the substrate, calcium carbonate, 
sintered kaolin, silica, and titanium dioxide can be 
employed. When the above-mentioned pigments are 
employed, the content of the pigments in the paper sheet is 
preferably 1 to 20% by Weight. If the pigment content is too 
high, the resultant paper sheet may exhibit an insuf?cient 
mechanical strength. The paper sheet optionally contains an 
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additive comprising at least one member selected from 
sizing agents, ?xing agents, sheet strength-enhancing 
agents, cationic agents, yield-enhancing agents, dyes and 
?uorescent brightening agents. In the siZe-press step of the 
paper-forming procedure, the surface strength and the siZing 
degree of the paper sheet can be controlled by coating or 
impregnating the paper sheet With starch, polyvinyl alcohol 
and/or a cationic resin. The degree of siZing of the paper 
sheet is preferably about 1 to about 200 seconds. If the siZing 
degree of the paper sheet is too loW, an operational problem, 
for example, formation of Wrinkles, may occur during the 
coating or impregnating step. If it is too high, the resultant 
paper sheet for the substrate may exhibit too loW an ink 
absorbing property, and thus signi?cant curling or cockling 
of the paper sheet may occur When the ink jet printing 
operation is applied to the resultant recording sheet. There is 
no limitation to the basis Weight of the paper sheet for the 
substrate. 

Usually, the substrate paper sheet preferably has a basis 
Weight of 20 to 400 g/m2, a thickness of 20 to 400 pm and 
a bulk density of 0.6 to 1.2. 

For the liquid-non-absorbing substrate sheet for the ink jet 
recording material of the present invention, transparent and 
opaque viscose sheet (cellophane sheet (trademark)), plastic 
sheets or ?lms, for example, sheets and ?lms of 
polyethylene, polypropylene, soft polyvinyl chloride, 
polyester, polycarbonate, and polystyrene; Water-absorbing 
and Water-non-absorbing sheets or ?lms of the plastic poly 
mers as mentioned above; resin ?lms, synthetic paper sheets, 
and resin-coated sheets prepared by coating a base sheet 
comprising, as a main material, a pulp, for example, Wood 
free paper sheets, neutral paper sheets, support sheets for 
photographic sheets, art paper sheets, coated paper sheets, 
cast-coated paper sheets, kraft paper sheets and impregnated 
paper sheets, With a Water-non-absorbing resin. The coating 
resin may be selected from polyethylene resins, polypropy 
lene resins, polyester resins, polyole?n resins, polycarbonate 
resins, and resins comprising, as a principal component, a 
mixture of tWo or more of the above-mentioned resins. The 
polyethylene resins include loW density polyethylene resins, 
high density polyehtylene resins, and straight linear loW 
density polyethylene resins. The polyester resins include 
polyethylene terephthalate resins, polybutylene terephtha 
late resins and bio-degradable polyester resins. 

For the purpose of enhancing the Whiteness and/or the 
opacifying effect of the substrate, the substrate sheets, 
particularly the plastic polymer sheets or ?lms and the base 
sheet or coating resin layer of the resin-coated sheets, may 
contain a White pigment, preferably, a titanium dioxide 
pigment, a calcium carbonate pigment, a synthetic silica 
pigment, or a mixture of tWo or more of the above 
mentioned pigments. The titanium dioxide pigments are 
most preferable. Other pigments Which may be contained in 
the substrate are synthetic silica, Zinc oxide, talc and kaolin 
Which are Well knoWn and publicly used as White pigments. 

For the purpose of preventing the cockling of the record 
ing material and of enhancing the surface smoothness and 
gloss, as a substrate, a liquid-non-absorbing substrate, par 
ticularly a plastic polymer ?lm having a high smoothness, is 
preferably employed. The plastic polymer ?lm is, hoWever, 
disadvantageous in that it is expensive and is dif?cult to 
obtain a recording material having a silver-salt photographic 
sheet-like properties (particularly a high Whiteness and 
touch). Thus, in place of the plastic polymer ?lm, a resin 
coated paper sheet having a high smoothness and produced 
by coating a Woodfree paper sheet, a support paper sheet for 
photographic sheet, an art paper sheet, a coated paper sheet 
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or cast-coated paper sheet Which comprises, as a principal 
component, a pulp and has a high smoothness, With a coating 
resin comprising a polyethylene resin, polypropylene resin, 
a polyester resin, another polyole?n resin, a polycarbonate 
resin or a mixed resin comprising, as a main component, a 
mixture of tWo or more of the above-mentioned resins, is 
preferably employed. 

Particularly, a high smoothness resin-coated paper sheet 
produced by coating a support paper sheet for a photo 
graphic sheet With a polyethylene resin or another polyole?n 
resin is preferably used as a substrate sheet for the ink jet 
recording material of the present invention. For the purpose 
of obtaining the silver salt photograph-like hand 
(particularly touch) and/or of controlling the curling of the 
recording material, the recording material preferably has a 
coating layer comprising a polyethylene resin or another 
polyole?n resin formed on a back surface opposite to the 
recording surface of the recording material. 

There is no limitation to the thickness of the coating layer 
of the substrate. Usually, the coating layer thickness is 
preferably in the range of from 4 to 100 pm, more preferably 
from 5 to 50 pm, still more preferably from 7 to 35 pm. 
When the coating layer is too thin, the coating effect may be 
insufficient, and When the coating layer is too thick, the hand 
of the resultant recording material may be unsatisfactory. 
The thickness of the coating layer on the front or back 
surface of the recording material and the type of the coating 
resin may be established in consideration of the curling 
property of the resultant recording material. The coating 
resin may contain a White pigment, preferably a titanium 
dioxide pigment, a calcium carbonate pigment, a synthetic 
silica pigment or a mixture thereof. More preferably, the 
titanium dioxide pigment is employed for the coating resin. 
When a liquid-non-absorbing sheet is used as a substrate 

of the ink jet recording material of the present invention, a 
surface of the substrate sheet on Which surface side the 
recording stratum is formed, may be previously subjected to 
an adhesion treatment or a adhesive treatment, for the 
purpose of enhancing the close adhesion betWeen the sub 
strate and the recording stratum. Particularly, When a resin 
coated paper sheet is used as a non-liquid-absorbing sub 
strate sheet, it is preferable that a corona discharge treatment 
is applied to a surface of the resin-coating layer, or an 
undercoat layer comprising gelatin or polyvinyl alcohol is 
formed betWeen the base paper sheet and the resin coating 
layer. 

For the purpose of enhancing the transportation property, 
anti-static property and anti-blocking property of the record 
ing material, the back surface of the recording material may 
be treated. The back surface treatment includes, for example, 
chemical treatments With an antistatic agent or an anti 
blocking agent. Also, the an additional coating layer or 
another structure may be formed on the back surface of the 
substrate sheet. 

There is no limitation to the smoothness of the substrate 
sheet. Usually, to obtain a high gloss and a high smoothness, 
the smoothness of the substrate sheet is preferably 300 
seconds or more, determined in accordance With a OKEN 
method, J. TAPPI No. 5. Also, there is no limitation to the 
opaqueness of the substrate sheet. Usually, to obtain silver 
salt photographic sheet-like properties, particularly White 
ness on the naked eye, the opaqueness of the substrate sheet 
is preferably 85% or more, more preferably 93% or more, 
determined in accordance With 115 P 8138. 
The recording stratum of the ink jet recording material of 

the present invention contains a binder for bonding the ?ne 
particles of the pigment to each other and to the substrate 
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sheet. The binder comprises at least one member selected 
from Water-soluble polymers, for example, polyvinyl 
alcohol, modi?ed polyvinyl alcohols, for example, cationic 
polyvinyl alcohol and silyl polyvinyl alcohol; casein, soy 
bean protein, synthetic proteins, starch, cellulose 
derivatives, for example, carboxymethyl-cellulose and 
methylcellulose; Water-dispersible polymers, for example, 
conjugated diene polymer latices, for example, styrene 
butadiene-copolymer latices and methyl methacrylate 
butadience copolymer latices, vinyl copolymer latices, for 
example, acrylic polymer latices and styrene-vinyl acetate 
copolymer latices, Which are Well knoWn and popularly 
employed in the coated paper sheet ?eld. These binders may 
be used alone or in a mixture of tWo or more thereof. In the 
present invention, for the purpose of enhancing the ink 
absorbing property and the Water resistance of the recording 
stratum, the Water-soluble polymers such as polyvinyl alco 
hol compounds are preferably employed. 

There is a speci?c limitation to the solid Weight ratio of 
the pigment to the binder contained in each of the ink 
receiving inside layers and the ink receiving outermost layer. 
Usually, the solid Weight ratio is preferably adjusted Within 
the range of from 100/2 to 100/200, more preferably from 
100/5 to 100/100. If the content of the binder is too high, the 
?ne pores formed betWeen the pigment particles may have 
too small a siZe, and thus the ink absorbing rate of the 
resultant ink receiving layer may be too loW. Also, if it is too 
loW, the resultant ink receiving layer may exhibit a poor 
resistance to cracking of the layer. 

Particularly, in the alumina compound-containing record 
ing stratum or in each of the ink receiving inside layers and 
the ink receiving outermost layer included in the recording 
stratum, the content of the Water-soluble polymer contained 
in each of the stratum or the layers is preferably 20 parts by 
Weight or less per 100 parts by Weight of the pigment. 
Further, in the ink receiving layer containing a pigment 
consisting of the alumina compounds alone, the content of 
the Water-soluble polymer is preferably 10 parts by Weight 
or less per 100 parts by Weight of the pigment. The alumina 
compound pigment contributes to preventing or restructing 
the cracking of the ink receiving layers, and When the 
content of the alumina compound pigment is limited to 10 
parts by Weight or less, the ink-absorbing rate of the ink 
receiving layer is enhanced. 

The coating amount of the recording stratum is not limited 
to a speci?c level. Usually, the recording stratum is prefer 
ably formed in a total amount of 1 to 100 g/m2, more 
preferably 2 to 50 g/m2. When the total amount of the 
recording stratum is less than 1 g/m2, a uniform stratum 
having a high smoothness may be difficult to form. Also, the 
total amount of the recording stratum is more than 100 g/m2, 
the resultant stratum may exhibit a poor resistance to crack 
mg. 

The coaters usable for the formation of the recording 
stratum may be selected from various conventional types of 
coaters, for example, blade coaters, air knife coaters, roll 
coaters, bar coaters, gravure coaters, rod blade coaters, lip 
coaters, die coaters and curtain coaters. 

In an embodiment of the ink jet recording material of the 
present invention, at least one ink receiving inside layer is 
formed on a surface of a substrate from an aqueous coating 
liquid containing the above-mentioned ?ne pigment par 
ticles and the binder, an ink receiving outermost layer is 
formed on the outer surface of the ink receiving inside layer 
from an aqueous coating liquid containing the above 
mentioned ?ne pigment particles and the binder. 

Preferably, the ink receiving outermost layer is formed by 
coating the aqueous coating liquid for the outermost layer on 
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the aqueous coating liquid layer for the ink receiving inside 
layer before the aqueous coating liquid layer for the inside 
layer is dried, and by simultaneously drying both the aque 
ous coating liquid layers for the inside layer and the outer 
most layer. In this case, the resultant recording stratum 
exhibit improved ink image-receiving property and surface 
smoothness. 
When an ink jet recording procedure is applied to a 

recording sheet having a porous recording stratum 
comprising, as principal components, a pigment and a binder 
and formed on a substrate sheet, and the substrate sheet is a 
paper sheet having a high Water-absorption, the applied ink 
easily penetrates into the substrate paper sheet to cause a 
cockling phenomenon to occur on the recording sheet. When 
a non-Water-absorbing sheet or loW-Water-absorbing sheet is 
used as a substrate sheet, the cockling phenomenon can be 
prevented. HoWever, in order that a suf?cient absorption of 
the ink is attained only by the recording stratum, the 
recording stratum must be formed in a large coating amount, 
for example, 15 g/m2 or more. When such a thick recording 
stratum is formed by only one coating operation, the result 
ant recording stratum may be uneven in the thickness 
thereof, may exhibit an insuf?cient resistance to cracking 
and may have an unsatisfactory appearance and the quality 
of the printed images on the uneven recording stratum may 
be unsatisfactory. Also, for the purpose of obtaining both a 
high gloss and a high ink absorbing property, the recording 
stratum may be formed from tWo or more ink receiving 
layers different in composition from each other. In the case 
Where tWo or more porous ink receiving layers are formed 
on a substrate sheet, particularly a substrate sheet having a 
loW-Water-absorption or a non-Water-absorbing substrate 
sheet, and the upper ink receiving layer is formed on an 
under ink receiving layer after the under layer is completely 
dried, air bubbles remaining in the pores formed in the under 
ink receiving layer bloat up through the aqueous coating 
liquid layer for the upper ink receiving layer coated on the 
under layer, and form crater-like defects in the surface 
portion of the upper layer, or cause the smoothness of the 
upper layer surface to be signi?cantly decreased. 

In this case, the ink images recorded on the upper ink 
receiving layer exhibit a very degraded quality and the gloss 
of the upper layer surface is unsatisfactory. 
The inventors of the present invention made an extensive 

study to solve the above-mentioned problems, and found 
that the problems can be solved by the folloWing procedures. 
Namely, When tWo or more porous ink receiving layers 
comprising, as principal components, a pigment and a binder 
are formed on a substrate, at least an ink receiving outermost 
layer is formed on an ink receiving inside layer adjacent to 
the outermost layer in such a manner that a coating liquid for 
the outermost layer is coated on a coating liquid layer for the 
adjacent inside layer before the coating liquid layer for the 
adjacent inside layer is dried, and both the coating liquid 
layers for the inside and outermost layers are simultaneously 
dried, to form the outermost layer and the inside layer 
adjacent to the outermost layer. The resultant recording 
stratum is quite free from the problems. 

In the process for producing the ink jet recording material 
of the present invention in such a manner that an aqueous 
coating liquid comprising ?ne pigment particles and a binder 
is coated on at least one surface of a substrate to form at least 
one ink receiving inside layer, and an aqueous coating liquid 
comprising ?ne pigment particles and a binder is coated on 
an outer surface of the ink receiving inside layer to form an 
ink receiving outermost layer, the aqueous coating liquid for 
the ink receiving outermost layer is coated on the aqueous 
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coating liquid layer for the ink receiving inside layer adja 
cent to the outermost layer before the aqueous coating liquid 
layer for the adjacent inside layer is dried, and both the 
aqueous coating liquid layers for the outermost layer and the 
adjacent inside layer are simultaneously dried. 

In an embodiment for carrying out the above-mentioned 
process, the ink receiving inside layer and the ink receiving 
outermost layer are formed by such a manner that the 
coating procedure for coating liquid for the ink receiving 
inside layer onto the substrate and the coating procedure for 
coating liquid for the ink receiving outermost layer onto the 
adjacent ink receiving inside layer are successively carried 
out through a plurality of coating liquid-feeding slits of a 
plurality of coating apparatuses located independently of 
each other. In this case, particularly, the coating apparatus 
for applying a stream of the coating liquid for the outermost 
layer to the Wetted coating liquid layer for the adjacent 
inside layer, is preferably selected from those capable of 
applying the coating liquid for the outermost layer Without 
bringing it into contact With a stream of the coating liquid for 
the Wetted adjacent inside layer, for example, slot die coaters 
(for example, ULTRA DIE COATER, made by INOUE 
KINZOKU KK. and LIP COATER made by HIRANO 
TECSEED K.K.), slide die coaters and curtain coaters. 

In another embodiment of carrying out the above 
mentioned process, the ink receiving inside layer and the ink 
receiving outermost layer are formed in such a manner that 
the coating procedure of the coating liquid for the ink 
receiving inside layer onto the substrate and the coating 
procedure of the coating liquid for the ink receiving outer 
most layer onto the adjacent ink receiving inside layer are 
substantially simultaneously carried out through a plurality 
of coating liquid-feeding slits of a multi-layer coating appa 
ratus. 

The simultaneous multi-layer coating apparatus is differ 
ent from the successive coating system using a plurality of 
coating apparatuses arranged independently from each 
other, and consists of a single coating system for simulta 
neously applying tWo or more coating liquids to a desired 
surface. In the simultaneous multi-layer coating system, 
substantially no contamination of the coating liquids for the 
ink receiving layers With each other occurs and the ink 
receiving layers each having a uniform thickness can be 
easily formed. For the simultaneous multi-layer coating 
procedure, a multi-coating slot die coater, a multi-coating 
slide die coater or a multi-coating slide curtain coater is 
preferably employed. 

Examples of the simultaneous multi-coating slot die 
coater, the simultaneous multi-coating slide die coater and 
the simultaneous multi-coating slide curtain coater are 
respectively shoWn in FIG. 1, FIG. 2 and FIG. 3. 

Referring to FIG. 1, a ?rst coating liquid passage 3 formed 
in a die block 2 of a simultaneous multi-coating slot die 
coater 1 is connected to a supply source (not shoWn in FIG. 
1) of a coating liquid for forming an ink receiving inside 
layer, and a second coating liquid passage 4 formed in the 
die block 2 is connected to a supply source (not shoWn in 
FIG. 1) of a coating liquid for forming an ink receiving 
outermost layer. A ?rst coating liquid ?oWing through the 
?rst coating liquid passage 3 is passed through a ?rst 
manifold 5 and is extruded as a ?rst ?lm-formed stream 6a 
through an outlet of a ?rst slot 6. The ?rst ?lm-formed 
stream 6a of the ?rst coating liquid is coated on a surface of 
a substrate 11 supplied onto a backing roll 10 Which rotates 
in the rotation direction as shoWn by an arroW 9. On other 
hand, a second coating liquid fed into the second coating 
liquid passage 4 is passed through a second manifold 7 and 

10 

15 

25 

35 

45 

55 

65 

24 
is extruded as a second ?lm-formed stream 8a of the second 
coating liquid through an outlet of a second slot 8. The 
extruded second ?lm-formed stream 8a is laminated on the 
?rst ?lm-formed stream 6a of the ?rst coating liquid. The 
laminated ?rst and second ?lm-formed streams 6a and 8a 
are simultaneously dried by a drying means (not shoWn in 
FIG. 1), to form an ink receiving inside layer laminated on 
and ?xed to the substrate and an ink receiving outermost 
layer laminated on and ?xed to the inside layer. 

Referring to FIG. 2, in a simultaneous slide die coater 21, 
a ?rst coating liquid for forming an ink receiving inside 
under layer is fed into a ?rst coating liquid passage 23 
formed in a die block 22 and connected to a supply source 
(not shoWn in FIG. 2) for the ?rst coating liquid, is passed 
through a ?rst manifold 24 and is extruded as a ?rst 
?lm-formed stream 26 of the ?rst coating liquid through an 
outlet of the ?rst slot 25. Also, a second coating liquid for 
forming an ink receiving inside upper layer is fed into a 
second coating liquid passage 27 connected to a supply 
source (not shoWn in FIG. 2) for the second coating liquid, 
is passed through a second manifold 28 and is extruded as 
a second ?lm-formed stream 30 of the second coating liquid 
through an outlet of a second slot 29. The second ?lm 
formed stream 30 is laminated on the ?rst ?lm-formed 
stream 26. Further, a third coating liquid for forming an ink 
receiving outermost layer is fed from a supply source (not 
shoWn in FIG. 2) for the third coating liquid into a third 
coating layer passage 31, is passed through a third manifold 
32, and is extruded as a third ?lm-formed stream 34 of the 
third coating liquid, through an outlet of a third slot 33. The 
extruded third ?lm-formed stream 34 is laminated on the 
second ?lm-formed stream 30. The laminate stream consist 
ing of the ?rst, second and third ?lm-formed streams is 
applied through a coating bill 35 of the die block onto a 
surface of a substrate 11 supplied on a backing roll 10 
rotating in the direction shoWn by an arroW 9 and is 
simultaneously dried in a drying means (not shoWn in FIG. 
2) to form a recording stratum having a lamination structure 
of an ink receiving inside under layer/an ink receiving inside 
upper layer/an ink receiving outermost layer, on the sub 
strate. 

Referring to FIG. 3, in the simultaneous multi-coating 
slide curtain coater 41, a ?rst coating liquid for forming an 
ink receiving inside under layer is fed from a supply source 
(not shoWn in FIG. 3) of the ?rst coating liquid into a ?rst 
coating liquid passage 43 formed in a die block 42, is passed 
through a ?rst manifold 44 and is extruded as a ?rst 
?lm-formed stream 46 through an outlet of a ?rst slot 45. 
Also, a second coating liquid for forming an ink receiving 
inside upper layer is fed from a supply source (not shoWn in 
FIG. 3) of the second coating liquid into a second coating 
liquid passage 47, is passed through a second manifold 48 
and is extruded as a second ?lm-formed stream 50 of the 
second coating liquid through an outlet of a second slot 49. 
The extruded second ?lm-formed stream 50 is laminated on 
the ?rst ?lm-formed stream 46. Further, a third coating 
liquid for forming an ink receiving outermost layer is fed 
from a supply source (not shoWn in FIG. 3) of the third 
coating liquid into a third coating liquid passage 51, is 
passed through a third manifold 52 and is extruded as a third 
?lm-formed stream 54 of the third coating liquid through an 
outlet of a third slot 53. The extruded third ?lm-formed 
stream 54 is laminated on the second ?lm-formed stream 50. 
The resultant laminate stream consisting of the ?rst, second 
and third ?lm-formed streams falls doWn in the form of a 
curtain through a coating bill 55 of the die block, is coated 
on a surface of a substrate 11 on a backing roll 10 rotating 
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in the direction shown by an arrow 9, and is simultaneously 
dried by a drying means (not shoWn in FIG. 3), to form a 
recording stratum having a laminate structure of an ink 
receiving inside loWer layer/an ink receiving inside upper 
layer/an ink receiving outermost layer on the substrate. 

In an embodiment, the multi-coating slide die coater is 
arranged in such a manner that a multi-coating die having a 
inclined surface is arranged close to a substrate located on 
the backing roll, for example, With a distance of 100 to 1000 
pm. The coating liquids are fed through the slots and layers 
of the coating liquids are laminated on each other on the 
inclined surface of the die, While no mixing of the coating 
liquids due to connection currents of the coating liquids 
occurs, and are coated on the substrate to form a laminate 
structure consisting of a plurality of Wetted coating liquid 
layers laminated on each other. When the laminated Wetted 
coating liquid layers are dried, a recording stratum consist 
ing of a plurality of ink receiving layers laminated on each 
other is formed. In this case, even after the drying, the ink 
receiving layers are not mixed With each other and a uniform 
composite stratum is formed. Also, the resultant recording 
stratum is substantially free from surface defects and has a 
smooth coating surface. When a ?ne pigment is employed, 
the resultant recording stratum exhibits an excellent gloss. 

The ink usable for recording on the ink jet recording 
material of the present invention comprises, as indispensable 
components, a coloring material for forming colored images 
and a solvent for dissolving or dispersing the coloring 
material therein, and as optional components, a dispersing 
agent, a surfactant, a viscosity-modi?er, speci?c resistance 
regulating agent, a pH-adjuster, a mildeW-proo?ng agent, 
and/or a coloring material solution or dispersion-stabiliZing 
agent. The coloring material usable for the ink includes 
direct dyes, acid dyes, basic dyes, reactive dyes, edible 
coloring materials, disperse dyes, oil dyes, and various types 
of coloring pigments, and can be selected conventional 
recording coloring materials. The content of the coloring 
material in the ink is established in consideration of the type 
of the solvent component, and properties required of the ink. 
The ink usable for the ink jet recording material of the 
present invention may contain the coloring material in a 
content similar to that of the conventional inks, namely, 0.1 
to 20% by Weight. 

The solvent of the ink usable for the ink jet recording 
material of the present invention may contain Water and a 
Water-soluble organic solvent Which may be selected from, 
for example, alkyl alcohols having 1 to 4 carbon atoms, for 
example, methyl alcohol, ethyl alcohol, n-propyl alcohol, 
isopropyl alcohol, n-butyl alcohol and isobutyl alcohol; 
ketones, for example, acetone; ketone alcohols, for example, 
diacetone alcohol; polyalkylene glycols, for example, poly 
ethylene glycol and polypropylene glycol; alkylene glycols 
having 2 to 6 alkylene groups, for example, ethylene glycol, 
propylene glycol, butylene glycol, triethylene glycol, thio 
diglycol, hexylene glycol and diethylene glycol; amides, for 
example, dimethyl formamide; ethers, for example, tetrahy 
drofuran; polyhydric alcohols, for example, glycerol; and 
loWer alkyl ethers of polyhydric alcohols, for example, 
ethyelenglycolmethylether, diethyleneglycol methyl (or 
ethyl) ether, and triethylene glycol monomethylether. 

In an embodiment of the ink jet recording material of the 
present invention, at least one ink receiving layer of the 
image-recording stratum further comprises, in addition to 
the binder and the ?ne pigment particle of at least one 
pigment selected from the group consisting of silica, alumi 
nosilicate and ot-, 0-, 6- and y-aluminas and having an 
average particle siZe of 1 pm or less, an image-light 
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resistance-enhancing agent comprising at least one member 
selected from the group consisting of phenolic compounds, 
boric acid, borate salts and cyclodextrin compounds. 

In the ink jet recording material, preferably the image 
recording stratum comprises a plurality of ink receiving 
layers superposed on each other, and an ink receiving layer 
located outermost of the image-recording stratum comprises 
the ?ne pigment particles and the binder. In this case, at least 
one ink receiving layer in the image-recording layer pref 
erably contains an image light resistance-enhancing agent 
comprising at least one member selected from the group 
consisting of phenolic compounds, boric acid, borate salts 
and cyclodextrin compounds. 

It has been made clear that the fading phenomenon of the 
ink jet recorded images by light is particularly signi?cantly 
on an ink jet recording sheet Which has an ink receiving 
layer containing ?ne pigment particles used for the purpose 
of enhancing the color density of the recorded images and/or 
of improving the gloss of the ink receiving layer surface. The 
reasons for the fading phenomenon are assumed that the 
resultant ink receiving layer has a high transparency and 
thus alloWs the light to easy transmit therethrough. Namely, 
to obtain a high ink jet recording performance and a high 
gloss, it is preferable that the ink receiving layer comprises 
?ne pigment particles having a particle siZe of 1 pm or less, 
particularly ?ne pigment particles consisting of secondary 
particles having a secondary particle siZe of 1 pm or less and 
each comprising a plurality of primary particles agglomer 
ated With each other to form the secondary particles, and 
more preferably each having a primary particle siZe of 4 to 
30 nm. When the above-mentioned ?ne pigment particles 
are employed for the ink receiving layer, they cause the 
recorded ink images to exhibit a decreased light resistance. 
The inventors of the present invention made an extensive 

study to solve the above-mentioned problems. As a result, 
the inventors found that the fading phenomenon on the ink 
images recorded in the ink receiving layer, particularly the 
ink receiving outermost layer, containing the ?ne pigment 
particles can be prevented or signi?cantly reduced by con 
taining an image light resistant-enhancing agent comprising 
at least one member selected from the group consisting of 
phenolic compounds, boric acid, borate salts and cyclodex 
trin compounds. 

It is knoWn that When the coloring material, for example, 
a dye, contained in the ink is ?xed in the outer surface 
portion of the recording stratum, particularly, When the 
recording stratum is constituted from a plurality of ink 
receiving layers laminated on each other, of an ink receiving 
outermost layer, the images exhibit a high color density. 
Thus, in this case, the image light resistance-enhancing 
agent is preferably contained in the outermost surface por 
tion of the recording stratum or in the ink receiving outer 
most layer. 

To provide the image light resistance-enhancing agent 
comprising at least one member selected from phenolic 
compounds, boric acid, borate salts, and cyclodextrin com 
pound contained in the ink receiving outermost layer, the 
image high resistance-enchaining agent is mixed into a 
coating liquid for forming the ink receiving outermost layer, 
and the resultant coating liquid is coated on the substrate or 
the ink receiving inside layer. HoWever, the image light 
resistance-enhancing agent is contained in an effective 
amount in the ink receiving layer, the resultant ink receiving 
layer may exhibit a reduced mechanical strength and/or a 
reduced Water resistance. Also, the image light and/or a 
borate salt, is mixed into the coating liquid, an agglomera 
tion or a viscosity increase phenomenon may occur and it 
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causes the coating operation to be dif?cult. Particularly, 
When a Water-soluble polymer having hydroxyl groups, such 
as a polyvinyl alcohol compound, is employed as a binder 
component, since the bonding force betWeen the pigment 
particles and the above-mentioned binder component is 
strong, the resultant coating layer can exhibit both a high 
ink-absorbing property and a high mechanical strength of 
the coating layer. HoWever, When the above-mentioned 
binder is contained in the coating liquid, the binder is easily 
cross-linked With boric acid or the borate salt, the cross 
linking reaction causes the viscosity of the coating liquid to 
be signi?cantly increased, and the coating operation 
becomes dif?cult. To solve the above-mentioned problem, a 
coating layer comprising, as principal components, the pig 
ment particles and the binder is formed, the surface of the 
coating layer is coated With a coating liquid containing an 
image light resistance-enhancing agent comprising at least 
one member selected from phenolic compounds, boric acid, 
borate salts and cyclodextrin compounds, to cause the image 
light resistance-enhancing agent to be contained in the 
resultant ink receiving layer. In this case, the coating liquid 
containing the image light resistance-enhancing agent may 
be coated on a coating liquid layer containing the pigment 
and the binder While the coating liquid layer is kept Wetted, 
or on a dried coating layer containing the pigment and the 
binder. 

The phenol compounds usable for the image light 
resistance-enhancing agent include dihydroxybenZenes, 
dihydroxybenZene sulfonic acid and Water-soluble salts 
thereof, monohydroxybenZene sulfonic acid and Water 
soluble salts thereof, hydroxybenZoic acid and Water-soluble 
salts thereof, sulfosalicylic acid and Water-soluble salts 
thereof, arbutin, mononaphthols, and mononaphiholsulfonic 
acid and Water-soluble salts thereof, and are preferably 
selected from hydroquinone, hydroquinonesulfonate salts, 
hydroquinonedisulfonate salts, pyrocatechol, pyrocatechol 
3,5-disulfonate salts, hydroxybenZoate salts, sulfosalicylate 
salts, hydroxybenZenesulfonate salts, arbutin and naphthol 
compounds. Particularly, the hydroquinone derivatives, the 
pyrocatechol derivatives and/or phenolsulfonate salts can 
impart an excellent high resistance to the recorded ink 
images. More particularly, pyrocatechol-3,5-disulfonate 
salts, especially, a sodium salt thereof, trademark: TIRON), 
p-hydroxybenZenesulfonate salts, or hydroquinone-[3-D 
glucoside (arbumine) is used, the resultant recording mate 
rial can record thereon ink images having an excellent light 
resistance. Also, a combination of a phenolic compound 
With a salt selected from salts of sodium, magnesium, 
calcium, aluminum, phosphorus, titanium, iron, nickel, 
copper, and Zinc, for example, nitrates, sulfates, phosphates, 
hydrogen phosphates, citrates, propionates and chlorides of 
the above-mentioned elements, may be used as a light 
resistance-enhancing agent for the recorded images. More 
enhanced light resistance of the ink images recorded on the 
recording material can be obtained by using chlorides of 
divalent methods, especially, magnesium chloride or cal 
cium chloride. The reasons for the signi?cant enhancement 
of the light resistance is not completely clear. It is assumed 
that the dye contained in the ink for the ink jet recording and 
having a poor light resistance is stabiliZe or protected by the 
light resistance-enhancing agent in a certain mechanism. 

The boric acid and borate salts usable for the image light 
resistance-enhancing agent include orthoboric acid, meth 
aboric acid, tetraboric acid orthoborate salts, diborate salts, 
methaborate salts, tetraborate salts, pentaborate salts and 
octaborate salts. The salt-forming metals include alkali 
metals, for example, sodium and potassium, and alkaline 
earth metals, for example, calcium magnesium and barium. 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

28 
The chlorodextrin compounds usable for the image light 

resistance-enhancing agent include ot-cyclodextrin, 
[3-cyclodextrin, y-cyclodextrin, alkylated cyclodextrins, 
hydroxyalkylated cyclodextrins, and cation-modi?ed cyclo 
dextrins. Among these compounds, y-cyclodextrin has a 
high Water-solubility and can be contained in the ink receiv 
ing layer With a high ef?ciency, and thus is very suitable in 
practice. 

The amount of the image light resistance-enhancing agent 
is preferably 0.1 to 10 g/m2, more preferably 0.25 to 5 g/m2, 
still more preferably 0.5 to 2.5 g/m2, in the ink jet recording 
material. If the amount is less than 0.1 g/m2, the resultant 
light resistance-enhancing effect for the ink images may be 
insufficient, and if the amount is more than 10 g/m2, the 
resultant ink receiving layer may exhibit unsatisfactory ink 
absorption, mechanical strength and Water resistance, and 
the recorded images may exhibit an insuf?cient clarity, color 
density, and Water resistance, and the resultant ink receiving 
layer may have an unsatisfactory gloss. 
The ?ne pigment particles contained in the ink receiving 

layer containing the image light resistance-enhancing agent 
are preferably in the form of secondary particles having an 
average secondary particle siZe 1 pm or less more preferably 
10 to 500 nm, still more preferably 15 to 300 nm, further 
preferably 20 to 200 nm and each consisting of a plurality of 
primary particles having an average primary particle siZe of 
3 to 40 nm more preferably 3 to 40 nm, still more preferably 
5 to 30 nm, further preferably 7 to 20 nm, and agglomerated 
With each other. 

The ?ne pigment particles are preferably ?ne particles of 
at least one member selected from fumed silica, amorphous 
silica, aluminas and alumina hydrates. 
The fumed silica particles are preferably in the form of 

secondary particles having an average secondary particle 
siZe of 300 nm or less and each consisting of a plurality of 
primary particles having a primary particle siZe of 3 to 40 
nm and agglomerated With each other. 
The ink receiving layer comprising the ?ne pigment 

particles, the binder and the image light resistance 
enhancing agent optionally further comprises a cationic 
compound. 
The binder preferably comprises at least one member 

selected from the group consisting of Water-soluble poly 
meric compounds, latices of copolymers of conjugated diene 
compounds, latices of vinyl copolymers, Water-dispersible 
acrylic resins, Water-dispersible polyester resins and Water 
dispersible polyurethane resins. 
The binder preferably comprises at least one member 

selected from the group consisting of polyvinyl alcohol, 
partially saponi?cated polyvinyl alcohols, acetacetylated 
polyvinyl alcohols, silyl-modi?ed polyvinyl alcohols, 
cation-modi?ed polyvinyl alcohols, and anion-modi?ed 
polyvinyl alcohols. 

The substrate for the image light resistance-enhancing 
agent-containing ink jet recording material is preferably 
formed from an ink-nonabsorbing material. 

Also, in the ink jet recording material, as claimed in the 
surface of the image-recording stratum preferably has a 75° 
specular gloss of 30% or more. 

EXAMPLES 

The present invention Will be further illustrated by the 
folloWing examples. In the examples and comparative 
examples, the terms “part” and “%” are respectively parts by 
dry solid Weight and % by dry solid Weight, unless otherWise 
de?ned. It should be noted that a primary particle siZe of 
pigment particles is not changed by pulveriZation and dis 
persion of secondary particles of the pigment. 
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The average size of ?ne pores formed in pigment particles 
Was calculated from BET absorption values of the pigment 
particles measured by a BET tester (model: NOVA 1200, 
made by CANTACHROM 

In Examples I-1 to I-30 and Comparative EXamples I-1 to 
I-9, the following pigment particles Were employed. 

Silica sol A-1 
Precipitation method silica particles (trademark: FINESIL 

X-45, made by TOKUYAMA K.K., average primary particle 
siZe: about 10 nm, average secondary particle siZe: about 4.5 
pm) Were repeatedly dispersed and pulveriZed in Water by 
using a sand grinder and then by a nanomiZer (trademark: 
NANOMIZER, made by NANOMIZER CO.), the resultant 
aqueous dispersion Was subjected to a classi?cation, to 
provide an aqueous dispersion containing 10% by dry solid 
Weight of the silica particles having an average secondary 
particle siZe of 80 nm. The aqueous dispersion in an amount 
of 100 parts by dry solid Weight Was miXed With 15 parts by 
dry solid Weight of a cationic resin consisting of diallyldim 
ethyl quaternary ammonium-hydrochloric acid salt 
(trademark: UNISENCE CP-103, made by SENKA K.K.), 
to cause the pigment particles to agglomerate With each 
other through the cationic resin and the pigment dispersion 
to be thickened. Then, the pigment dispersion Was subjected 
to repeated pulveriZation and dispersion procedures using 
the nanomiZer, to prepare an aqueous silica dispersion 
(Silica sol A-1) containing 8% by dry solid Weight of the 
agglomerated silica particles having an average secondary 
particle siZe of 250 nm. 

Silica sol B-1 

Fumed silica particles (trademark: REOROSIL QS-30, 
made by TOKUYAMA K.K., speci?c surface area: 300 
m2/g, average primary particle siZe: about 10 nm, combus 
tion method silica Were repeatedly dispersed and pulveriZed 
in Water by using a sand grinder and then by a nanomiZer, 
the resultant aqueous dispersion Was subjected to a 
classi?cation, to provide an aqueous dispersion containing 
10% by dry solid Weight of the silica particles having an 
average secondary particle siZe of 80 nm. The aqueous 
dispersion in an amount of 100 parts by dry solid Weight Was 
miXed With 15 parts by dry solid Weight of a cationic resin 
consisting of diallyldimethyl quaternary ammonium 
hydrochloric acid salt (trademark: UNISENCE CP-103, 
made by SENKA K.K.), to cause the pigment particles to 
agglomerate With each other through the cationic resin and 
the pigment dispersion to be thickened. Then, the pigment 
dispersion Was subjected to repeated pulveriZation and dis 
persion procedures using the nanomiZer, to prepare an 
aqueous silica dispersion (Silica sol B-1) containing 8% by 
dry solid Weight of the agglomerated silica particles having 
an average secondary particle siZe of 250 nm. 

Silica sol A-2 

Gel method silica particles (trademark: SYLOJET P403, 
made by GRACE DAVISON K.K., average secondary par 
ticle siZe: about 3 pm) Were repeatedly dispersed and 
pulveriZed in Water by using a sand grinder and then by a 
MICROFLUIDIZER (model: M-110-EH, made by 
MICROFLUIDICS CO.), to provide an aqueous dispersion 
containing 10% by dry solid Weight of the silica particles 
(Silica sol A-2) having an average secondary particle siZe of 
450 nm. 

Silica sol B-2 

Wet method silica particles (trademark: NIPSIL HD-2, 
made by NIHON SILICA KOGYO K.K., average primary 
particle siZe: 11 nm, average secondary particle siZe: 3 pm) 
Were repeatedly dispersed and pulveriZed in Water by using 
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a sand grinder to provide an aqueous dispersion containing 
10% by dry solid Weight of the silica particles having an 
average secondary particles of 450 nm. The aqueous dis 
persion in an amount of 100 parts by dry solid Weight Was 
miXed With 15 parts by dry solid Weight of a cationic resin 
consisting of diallyldimethyl quaternary ammonium 
hydrochloric acid salt (trademark: UNISENCE CP-103, 
molecular Weight: 100,000, made by SENKA K.K.), to 
cause the pigment particles to agglomerate With each other 
through the cationic resin and the pigment dispersion to be 
thickened. Then, the pigment dispersion Was subjected to 
repeated pulveriZation and dispersion procedures using the 
sand grinder, to prepare an aqueous silica dispersion (Silica 
sol B-2) containing 10% by dry solid Weight of the agglom 
erated silica particles having an average secondary particle 
siZe of 450 nm. 

Silica sol C 

The silica sol B-2 Was repeatedly pulveriZed and dis 
persed by using a sand grinder and then by a micro?uidiZer, 
to prepare an aqueous silica dispersion (Silica sol C) con 
taining 10% by dry solid Weight of silica particles having an 
average secondary particle siZe of 300 nm. 

Silica sol D 

Fumed silica particles (trademark: REOLOSIL QS-102, 
made by TOKUYAMA K.K., speci?c surface area: 200 
m2/g, average primary particle siZe: about 15 nm calculated 
from the speci?c surface area value, SiO2 content: 99.9% or 
more) Were repeatedly dispersed and pulveriZed in Water by 
using a sand grinder and then by a micro?uidiZer, to provide 
an aqueous dispersion (Silica sol D) containing 10% by dry 
solid Weight of the silica particles having an average sec 
ondary particle siZe of 80 nm. 

Silica sol E 

The silica sol D in an amount of 100 parts by dry solid 
Weight Was miXed With 15 parts by dry solid Weight of a 
cationic resin consisting of diallyldimethyl quaternary 
ammonium-hydrochloric acid salt (trademark: UNISENCE 
CP-103, molecular Weight: 100,000, made by SENKA 
K.K.), to cause the pigment particles to agglomerate With 
each other through the cationic resin and the pigment 
dispersion to be thickened. Then, the pigment dispersion 
Was subjected to repeated pulveriZation and dispersion pro 
cedures using the sand grinder and then the micro?uidiZer, 
to prepare an aqueous silica dispersion (Silica sol E) con 
taining 10% by dry solid Weight of the agglomerated silica 
particles having an average secondary particle siZe of 100 
nm. 

Alumina sol (a) 

Alumina particles (trademark: AKP-20, ot-alumina, made 
by SUMITOMO KAGAKUKOGYO Were repeatedly 
dispersed and pulveriZed in Water by using a sand grinder 
and then by a micro?uidiZer, to provide an aqueous disper 
sion (Alumina sol (a)) containing 10% by dry solid Weight 
of the alumina particles having an average secondary par 
ticle siZe of 400 nm. 

Alumina sol (b) 

Alumina particles (trademark: AKP-G015, y-alumina, 
BET speci?c surface area: 150 m2/g, ?ne pore volume: 0.5 
ml/g, ?ne pore siZe: 6.0 nm, made by SUMITOMO 
KAGAKUKOGYO Were repeatedly dispersed and 
pulveriZed in Water by using a sand grinder and then by a 
micro?uidiZer, to provide an aqueous dispersion (Alumina 
sol containing 10% by dry solid Weight of the alumina 
particles having an average particle siZe of 200 nm. 
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Alumina sol (c) 
The same procedures as for alumina sol (b) Were repeated, 

except that the alumina particles under the trademark of 
AKP-G105 Were replaced by other alumina particles under 
the trademark of AKP-G020 (made by SUMITOMO 
KAGAKUKOGYO K.K., BET speci?c surface area: 200 
m2/g, ?ne pore volume: 0.5 ml/g, ?ne pore siZe: 4.5 nm, to 
prepare alumina sol (c) 

Alumina sol (d) 
Fumed alumina particles made by CABOT CO. Were 

repeatedly dispersed and pulveriZed in Water by using a sand 
grinder and then by a micro?uidiZer, to provide an aqueous 
dispersion containing 10% by dry solid Weight of the fumed 
alumina particles containing 0-alumina, 6-alumina and 
y-alumina in a mixing Weight ratio of about 3:1:1) and 
having an average particle siZe of 300 nm. 

Aluminosilicate sol 

Isopropyl alcohol in an amount of 100 g Was charged in 
a glass reactor vessel having a capacity of 2 liters and heated 
to a temperature of 60° C. by using an oil bath heater. Then, 
the isopropyl alcohol Was added With 5 g of aluminum 

isopropoxide (made by WAKO JUNYAKUKOGYO and then With 1.0 g of an acid catalyst consisting of acetic 

acid (made by WAKO JUNYAKUKOGYO K.K.), While 
stirring the mixture in the vessel With stirring Wings 
(diameter: 3 cm, three Wings) at a rotation rate of 1.67 rps 
(100 rpm) and the resultant mixture Was re?uxed for 24 
hours, While maintaining the temperature of the mixture at 
60° C. 

Separately from the above-mentioned procedures, ion 
exchanged Water in an amount of 100 g Was placed in a glass 
reactor vessel, heated to a temperature of 60° C. and mixed 
With 1.8 g of ethyl orthosilicate (made by WAKO JUNY 
AKUKOGYO and then With 1.0 g of an acid catalyst 
consisting of nitric acid (made by WAKO JUNYAKUKO 
GYO The resultant mixture Was re?uxed for 24 hours 
While the temperature of the mixture is maintained at 60° C. 

The above-mentioned ethyl orthosilicate-nitric acid-ion 
exchanged Water solution Was mixed into the above 
mentioned aluminum isopropoxide-acetic acid-isopropyl 
alcohol solution, and the mixture Was stirred at a tempera 
ture of 60° C. for 6 hours, to prepare a dispersion of ?ne 
particles of aluminosilicate. Then, the resultant aluminosili 
cate particle dispersion Was heated at a temperature of 60° 
C. in an evaporator to concentrate the dispersion. Agglom 
erates of the aluminosilicate particles Were obtained. The 
resultant aluminosilicate particles had a molar ratio of 
alumina to silica of 3:2. The agglomerates Were added With 
Water, dispersed in Water by a sand grinder and further 
dispersed by a micro?uidiZer, the dispersion procedures by 
the sand grinder and then by the micro?uidiZer Were 
repeated until the average secondary particle siZe of the 
particles reached 200 nm (average primary particle siZe: 10 
nm). An aqueous dispersion containing 10% by dry solid 
Weight of aluminosiliate particles having an average sec 
ondary particle siZe of 450 nm. 

In Examples I-1 to I-30 and Comparative Examples I-1 to 
I-9, the folloWing substrate sheets Were employed. 

Substrate Sheet A 

Ableached softWood kraft pulp (NBKP) having a Cana 
dian Standard Freeness (CSF) of 250 ml determined in 
accordance With JIS P 8121 and a bleached hardWood kraft 
pulp (LBKP) having a CSF of 280 ml Were mixed With each 
other in a mixing Weight ratio of 2.8 in an aqueous medium, 
to provide an aqueous pulp slurry having a pulp content of 
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0.5% by dry solid Weight. The pulp slurry Was mixed With 
2.0% by Weight of a cationic starch, 0.4% by Weight of an 
alkylyketenedimer, 0.1% by Weight of an anionic polyacry 
lamide resin and 0.7% by Weight of a polyamidepolyamin 
eepichlorohydrin resin, based on the bone dry Weight of the 
mixed pulp, and the resultant mixture Was fully stirred to 
prepare an uniform pulp slurry. 

The pulp slurry having the above-mentioned composition 
Was subjected to a paper-forming procedure using a Wire 
paper machine, the resultant Wetted paper sheet Was passed 
through a dryer, a siZepress and a machine calender, to 
provide a paper sheet having a basis Weight of 180 g/m2 and 
a bulk density of 1.0 g/cm3. The siZepress liquid used in the 
above-mentioned siZepress procedure Was prepared by mix 
ing a carboxyl-modi?ed polyvinyl alcohol and sodium chlo 
ride With each other in a Weight ratio of 2:1, dissolving the 
resultant mixture in Water at a temperature of 90 to 95° C. 
to prepare a siZepress solution having a dry solid content of 
5% by Weight. The siZepress solution Was coated on both the 
front and back surface of the paper sheet, in a total coating 
amount of 25 ml/m2. A substrate sheet A Was obtained. 

Substrate Sheet B 

A corona discharge treatment Was applied onto both the 
front and back surfaces of the same base paper sheet as the 
substrate sheet (A) as mentioned above. Then, on the front 
(felt side) surface of the corona discharge treated paper 
sheet, a polyole?n resin composition 1 prepared in the 
composition shoWn beloW by a mixing and dispersing 
procedure by a Banbury mixer Was coated in a dry coating 
amount of 25 g/m2, and on the back (Wire side) surface of 
the corona discharge-treated paper sheet, a polyole?n resin 
composition having the composition as shoWn beloW and 
prepared by a Banbury mixer Was coated in a dry coating 
amount of 20 g/m2. Each coating procedure Was carried out 
by using a melt-extruder having a T type die at a melt 
temperature of 320° C. The front (felt side) polyethylene 
resin composition 1 layer Was cooled and solidi?ed by a 
cooling roll having a mirror-?nished peripheral surface and 
the back (Wire side) polyole?n resin composition 2 layer Was 
cooled and solidi?ed by a cooling roll having a roughened 
surface. The resultant resin coated substrate sheet B had a 
front surface smoothness of 6000 seconds determined in 
accordance With Japan TAPPI No. 5, OKEN type tester, and 
an opaqueness of 93% determined in accordance With J apa 
nese Industrial Standard P 8138. 

Polyole?n resin composition 1 

Parts by dry 
Component solid Weight 

Linear lOW density polyethylene 35 
resin 
(density: 0.926 g/cm3, melt 
index: 20 g/10 minutes) 
LoW density polyethylene resin 50 
(density: 0.919 g/cm3, melt 
index: 2 g/10 minutes) 
Anatase type titanium dioxide 15 
(trademark: A-220, made by 
Ishihara Sangyo Zinc stearate 0.1 

Antioxidant (trademark: 0.03 
IRGANOX 1010, made by CIBA 
GEIGY) 
Ultramarin (trademark: BLUISH 0.09 
ULTRAMARINE NO. 2000, made by 
DAIICHI KASEI 








































